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Summary 
The emergence of Internet and the “new museology” – a re-evaluation of 
the purpose and function of museums – have resulted in pressure for improved 
access to cultural heritage information (CHI). Museums have been relatively 
quick to take advantage of new information technologies, but the result is often 
restricted both in scope and detail. There is a need for increased cooperation and 
integration: combining heterogeneous information results in richer levels of 
content and understanding than are possible from isolated resources. 
Three factors render the integration of CHI particularly challenging: the 
diversity of languages and terminology in use, the semantic complexity of cultural 
heritage information, and the volume of data involved. 
Focused on the perspective of museums, this thesis analyses and evaluates 
existing attempts to integrate cultural information systems and proposes an 
approach based on a high-level conceptual model. 
 
DATABASE INTEGRATION, HETEROGENEOUS DATABASES, 




Informatique des musées : le défi de l’intégration. 
L’apparition d’Internet et « la nouvelle muséologie » – une re-évaluation 
du but et de la fonction des musées – ont stimulé la demande pour des 
informations concernant le patrimoine culturel (IPC). Les musées ont été 
relativement rapides à profiter des nouvelles technologies de l’information, mais 
le résultat est souvent limité tant dans la portée que dans le détail. Il y a un besoin 
de coopération accrue et de plus d’intégration : le résultat de l’union des 
informations hétérogènes est plus riche que le contenu des ressources isolées. 
Trois facteurs rendent l’intégration de IPC particulièrement difficile : la 
diversité de langues et de terminologie employées, la complexité sémantique des 
informations et le volume de données à traiter. 
Focalisée sur la perspective de musées, cette thèse analyse et évalue les 
tentatives actuelles d’intégrer des systèmes d’information culturels et propose une 
approche basée sur un modèle conceptuel de haut niveau. 
 
INTEGRATION DE BASE DE DONNEES, BASES DE DONNEES 
HETEROGENES, PATRIMOINE CULTUREL, SYSTEMES 
D’INFORMATION, MODELISATION CONCEPTUEL. 
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1 Introduction 
A number of significant trends in recent years, notably the emergence of 
new possibilities of communication via Internet and a re-evaluation of the purpose 
and function of museums, known as “the new museology”, have resulted in a 
transformation of the expectations placed in museum documentation systems. The 
new museology seeks both to improve the quality of information provided by 
cultural heritage institutions and to make it more readily accessible to a wide 
audience. The Web provides both the stimulus and a vector for realising these 
ambitions. 
One of the central themes of the new museology is the need for increased 
cooperation and integration between museums and other types of institutions 
responsible for cultural heritage information, typically libraries and archives. 
[ELAG 2000] At present, museums tend to function in isolation. The information 
that an individual institution provides tends to be restricted to its own collections; 
contextual information and references to objects in other collections are rare. The 
aim of integration is to combine information resources from different institutions 
and disciplines to provide richer levels of content and understanding than would 
otherwise be possible from the sources viewed in isolation. 
Our research is situated at the intersection between information science 
and museology. We need therefore to define the theoretical basis we will be using 
for both domains, and the relationship between them. (Terminology that is 
common to both areas will require special attention since the precise sense in 
which it is employed may not be the same.)  
Our area of research is the integration of cultural heritage information 
(CHI). This encompasses the development of tools and techniques needed to 
facilitate the integration of cultural heritage information from heterogeneous 
sources, enhancement of communication and exchange between cultural 
institutions, improvement of the quality of information available to researchers 
and members of the public, and ease of access. 
The current study is focused on the perspective of museums although our 
area of research, the integration of cultural heritage information, does not fall 
entirely within the museum domain. Libraries, archives, publishers, 
encyclopaedias and magazines, to name but a few, also deal with CHI. However, 
our work is centred on CHI generated and used by museums, and their needs for 
interaction with other types of institutions. It is not our intention here to deal with 
questions relating specifically to libraries and archives. This restriction of scope, 
while it lacks any a priori justification, is motivated by the pragmatic need to 
define manageable limits to the area of research. 
 2 
1.1 Problem definition 
The general basis of our research is the problematic of integration of 
heterogeneous sources of information, with specific reference to the domain of 
cultural heritage information generated by museums and related institutions. What 
is meant here by integration is the combination of multiple sources of information 
into a single coherent resource. In other terms, a fully integrated set of data 
sources should behave as a single, unified database. Note that this does not 
necessarily entail that different data sources need to be physically combined into a 
single system, although this might be one way to achieve integration. As we shall 
see, mediation systems can also be designed with the intention of presenting a 
unified user interface to physically dispersed resources. 
1.1.1 Criteria of integration 
For the goal of integrated cultural heritage resources to be realised, an 
approach is needed that allows heterogeneous and incompatible sources of 
information to be unified, whilst preserving and if possible enhancing their 
semantic richness, and offering a coherent approach to dealing with the 
overwhelming volumes of data that have been accumulated. The essential 
difficulty arises not from any one of these requirements, but from the conjugation 
of all three, and the conflicts that result. The extent to which the integration of 
CHI is successful can be evaluated in terms of five general criteria: breadth, 
depth, homogeneity, interconnectedness and extensibility: 
• The first, breadth, concerns the scope of the integration, the objective 
being to encompass the widest possible range of cultural data present 
in heterogeneous sources.  
• The second, depth, concerns the qualitative aspect of integrated 
information. The goal here is to ensure that information is both rich 
and detailed.  
• The third, homogeneity, is concerned with the degree to which 
information from different sources becomes functionally equivalent, so 
that users are not required to adopt different search strategies and 
access paths according to source.  
• The forth, interconnectedness, is concerned with the degree to which 
information is properly interrelated. Information should not be simply 
placed in the same container: appropriate relational links and cross-
referencing should be established between documented items, 
regardless of their origin.  
• The fifth, extensibility, is concerned with scalability over time. The 
aim is to allow for sustained, coherent extension and the accumulation 
of large volumes of information. 
It only becomes possible to talk of completely integrated information when 
all of these aspects are taken into account. As we shall see, these goals are to some 
extent in conflict: interoperability is easier to achieve when the depth of cultural 
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heritage information is sacrificed in favour of simplicity; depth is easier to 
maintain when narrow constraints are applied to the breadth; and large volumes of 
information may be more easily handled when sectioned into small units, 
sacrificing interconnectedness. 
1.2 Difficulties specific to the domain 
As might be expected, combining the available sources of cultural heritage 
information into a coherent whole is far from trivial. A number of factors can be 
identified which render the integration of CHI particularly difficult. These can be 
grouped around the following themes: problems arising from the semantic 
complexity inherent in cultural heritage information, problems due to the immense 
volumes of data being dealt with, problems of technical incompatibility, due 
largely to the diversity of forms of representation but also to the extremely 
variable quality of CHI, and finally general considerations concerning intellectual 
property rights and institutional identity. It is worth examining these areas in 
more detail. 
1.2.1 Semantic complexity 
The universe of entities described by CHI covers virtually the whole of the 
natural and man-made world, everything from fine arts and archaeology to 
nematode worms. The description of cultural artefacts and scientific specimens 
can be extremely detailed, extending from the collection object itself to related 
entities, places, people and events, which lie outside the collection. In other 
words, cultural heritage institutions deal with a vast range of different types of 
objects and have a vast amount to say about them. To add to this level of 
complexity, CHI is often incomplete, provisional or subject to debate because 
much of it is the result of ongoing research, hypothesis and opinion, and cannot be 
established as hard fact. Conflicting theories and alternative points of view need 
to be represented and differentiated. The evolution of CHI is reflected both in 
changes in object classification and descriptions and in the evolution of the 
classification systems themselves. [ZELLWEGER 1994] p 3 Detailed historical 
metadata – who said what about what, when – are often needed to document the 
chains of reasoning that have lead to a particular interpretation. This sort of 
metadata is itself an integral part of CHI. Considered in terms of semantic depth 
and complexity, cultural heritage information is one of the richest domains 
imaginable and presents particular difficulties for conceptualisation and 
modelling. 
1.2.2 Volume of CHI 
The potential volume of CHI is immense, and continually increasing. 
Unlike, say, old financial records that may be archived or even disposed of after a 
certain legal period, cultural heritage data just accumulate: they may be added to 
but are never superseded. The accumulation of CHI raises problems not just of 
scale, but also of evolution: finding ways to maintain the coherence between 
current and historical interpretations as knowledge and coverage expand.  
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The time-span relative to the accumulation and elaboration of CHI 
stretches over generations. This means, firstly, that the technical systems in use at 
any one period must be considered as provisional and, secondly, that many of the 
authors responsible for creating the information will not be available for 
comment. The goal of integration needs to take into account the persistently 
“incomplete” and continually evolving nature of cultural heritage information and 
the inevitable emergence over time of new theories and interpretations, which 
may recast existing information in a new light. 
The volumes of data also pose specific practical difficulties in the museum 
community, where investment in information technology is usually restricted and 
expertise is limited. The problems involved in managing large and continually 
expanding databases have often resulted in the fragmentation of institutional 
databases into small units, which can be more readily accommodated by 
microcomputers. Following the rule of divergence of species due to separation, 
the net result is both physical dispersion and structural incompatibility. Integration 
of CHI poses difficulties not just between institutions but also at an intra-
institutional level between departments. The “balkinsation” of institutional 
databases is an example of the way in which financial and technological 
constraints can exacerbate conceptual problems. 
1.2.3 Incompatibility of heterogeneous sources 
The diversity of forms of representation used by existing information 
sources gives rise to multiple levels of technical and conceptual incompatibility. 
Few of the information systems currently used by museums were created with 
publication and integration in mind, but rather as tools for administration and 
collections management or for in-house documentation.1 Developed in isolation 
on an ad hoc basis, these systems are seldom interoperable and are based on 
divergent representational schemas. They make use of a wide spectrum of formats 
and techniques, including paper-based catalogues, text and multimedia 
documents, and structured databases. Furthermore, the information they contain is 
expressed in a multitude of different languages and often employs incompatible 
terminology. Not only does each discipline use its own vocabulary and 
classification systems, but there is also a high degree of terminological 
incompatibility within disciplines from one institution to another, so that different 
organisations or social groups may describe the same phenomena in radically 
different terms. Information from different types of institutions will also generally 
reflect the “culture” of the institution and the purpose it seeks to fulfil. This will 
be manifest as more detailed documentation of some types of objects at the 
expense of others, and through the adoption of different documentation strategies 
– broad coverage rather than detailed description – which may give rise to wide 
variations in the level of detail being recorded. 
                                                 
1 The Catechism Project, at the National Museums of Scotland, surveyed questions asked of 
museums, and found that almost one-third of these could not be answered by a museum database. 
[MCCORRY 1995] 
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1.2.4 Poor quality of existing data 
As with existing museum information systems, the data they contain have 
often been created without due consideration given to publication: 
• The data are often cryptic and too succinct to be presentable. 
• The information is highly specialised and requires detailed background 
knowledge to be comprehensible. 
• The data contain a mixture of personal notes and sensitive information 
not appropriate for general diffusion. 
These difficulties cannot be entirely resolved through automated processes 
but require some human intervention. No amount of sophisticated processing can 
compensate entirely for poor quality data. Validating, cleaning and improving the 
quality of data in preparation for integration and diffusion are inevitably time-
consuming activities. Integration may, however, facilitate the process by allowing 
implicit references to be expanded and completed with data from other sources. 
1.2.5 Intellectual property rights 
A concern sometimes voiced by curators engaged in researcher is that 
integrated information systems will lead to their losing control over the process of 
publication and that the fruits of their painstaking research will be revealed 
without their consent. This point of view stems partly from a lack of 
understanding of the security mechanisms and access controls which form part of 
a properly designed information system, but also from the assumption, usually 
mistaken, that research undertaken on behalf of the institution remains the 
intellectual property of the individual: 
Regardless of the legal framework ... many curators believe that the result of the 
intellectual work which they carry out is their property. This is particularly true in 
disciplines where an individual’s publications constitute the basis for professional 
reputations. [SHERWOOD 1997] 
These fears often result in resistance to the creation of integrated 
information systems, particularly to the use of methods of diffusion such as the 
Web. 
One major step in expanding access to Canadian museum collections was to make 
the National Inventories available on the Internet... Contributors were initially 
reluctant to make their collections data available beyond their community, fearing 
inappropriate access. [THOMAS 1997] 
The danger for integrated information systems is that since curators are the 
primary creators of information contained in museum information systems, 
resistance on their part could make integration an impossible task. Some writers 
have suggested that the longer-term solution to these problems may require more 
than just the clarification of the intellectual property issues, but changes to the 
structure and management of museums as well. [ROBERTS 1997] However, 
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these considerations lie beyond the scope of the present study. Suffice to say that 
the proper management of intellectual property rights, authentication and 
controlled access to sensitive information are critical considerations. 
1.2.6 Institutional identity 
Institutions need to preserve their corporate identity. If integration leads to 
anonymity, institutions may be reticent about participating. 
1.3 Theoretical frame 
The theoretical frame that we adopt is one commonly used in information 
science and present, in various forms, in a number of standard methodologies for 
the analysis and development of information systems. It is based on a model that 
differentiates the conceptual elaboration and technical implementation of an 
information system from the domain it seeks to support. 
The domain of discourse can be defined as the “real-world” problematic 
that the information system is designed to address: composed of actors, entities, 
objectives, processes, etc. 
Analysis of the domain results in a conceptualisation, which can be 
expressed as formal models such as data schema and flow diagrams. 
Conceptualisation is an inevitable concomitant of the development of an 
information system. Regrettably perhaps, the explicit expression of the 
conceptualisation in terms of formal models is not. This distinction can be 
expressed as that between an internal conceptualisation, i.e. the way in which a 
domain is apprehended by an individual, and an external conceptualisation that is 
the documented form through which an internal schema can be expressed. Since 
internal schema are only accessible to the individual we can, for most purposes, 
ignore them. A second important distinction is that between the conceptualisation 
of the domain per se and the conceptualisation of the technical system. The first 
should, ideally, be an accurate reflection of the information requirements of the 
domain in question whereas the second must take into account the constraints and 
limitations of the technology that is used for the implementation. This distinction 
is often expressed as that between conceptual and physical models.  
Implementation of the conceptualisation results in a concrete realisation as 
a technical system that, generally speaking, makes use of computer technology. 
Before the advent of computer technology, the manual implementation of 
information systems, using card catalogues or other techniques, was 
commonplace. The point we wish to make here is that implementation of an 
information system does not presuppose any particular technological solution. 
The technical system that seeks to support a given domain of discourse, successful 
or not, inevitably has an impact on the domain. The domain is influenced and 
modified in more or less subtle ways by the presence of the support provided by 
the information system. The degree to which the impact of the system is positive 
or negative may depend to a large extent on the degree to which the 
conceptualisation is an accurate reflection of the domain of discourse. 
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This tri-partite model (domain-conceptualisation-system) is ontological in 
that it attempts to describe the high-level entities that characterise the general 
problematic of information systems. It can also be considered as a process model, 










Fig. 1 – Theoretical frame of information systems 
The major advantage of this approach to information systems is that it 
makes a clear distinction between issues arising from purely technical 
considerations and those that have an underlying conceptual basis. As we shall 
hope to demonstrate, a number of difficulties of an apparently technical nature 
stem from an inadequate or faulty conceptualisation of the domain of cultural 
heritage information. 
Applying this terminology to our area of research we can define the 
domain of discourse as being the integration of cultural heritage information. The 
analysis of this domain requires an examination of both existing information 
systems and the nature of cultural heritage information itself. We then proceed to 
examine a number of proposed solutions to the problem of integration. These can 
be described for the most part as technical systems. The conceptualisation of the 
domain on which these systems are based is not always made explicit and often 
needs to be induced from the concrete elements of the implementation, a process 
commonly known as “reverse engineering”. Taking into account the foregoing 
analysis and in accordance with the theoretical frame we have adopted, we go on 
to describe a high-level conceptual model – an ontology for cultural heritage 
information – designed specifically to meet the requirements of integration of 
heterogeneous information sources. This model can be defined as the explicit 
conceptualisation of the domain and is intended to address both questions relating 
to the semantic complexity of CHI and to the federation of heterogeneous and 
incompatible information sources. Finally, a presentation of the Musinfo project 
gives an insight into the issues involved in the practical implementation of an 
integrated information system. 
Our general approach can thus be seen to follow the classic cycle of 
analysis, conception and design described above. The initial objective is the 
analysis of the domain and its conceptualisation as a formal ontology. This 
abstract level of design is then applied to the design and realisation of a practical 
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system. However, an element of backtracking is also required due to the presence 
of existing technical systems (legacy systems), which have already had an impact 
on the cultural heritage domain. The problems characteristic of the domain of 
discourse can thus be seen to fall into two categories: those which are inherent in 
the nature of cultural heritage information (semantic complexity and volume), and 
those which stem from the way in which existing information systems have been 
implemented (incompatibility and fragmentation). 
1.4 Contribution 
An examination of the existing literature reveals the strength of the 
motivation to find ways of integrating CHI. Numerous projects, either 
experimental in nature or intended as full-scale implementations, have addressed 
one or more aspects of the problematic described above. Our contention is that 
these existing approaches are, for the most part, pragmatic and technical in their 
origins and that although often successful in these terms, they are not susceptible 
to generalisation. In other words, the conceptualisation of the domain appears 
generally to be inadequate and the results are unsatisfactory in one respect or 
another. 
In order to overcome these limitations, we present a general ontology for 
cultural heritage information, the CIDOC Conceptual Reference Model (CRM)2, 
which is intended to be used as a basis for the conception and implementation of 
information systems in the cultural heritage sector. Designed with the specific 
needs of integration in mind it aims to provide the “semantic glue” required to 
federate existing incompatible information sources into a coherent whole, whilst 
preserving and enhancing their detail and depth. The model allows for multiple 
points of view and different levels of representation, as well as incomplete or 
partial information, thereby facilitating evolution over time. 
The CRM forms the basis of the design of the information systems 
developed for the Geneva City museums in the Musinfo project. This project 
concerned museums from a number of different domains: ethnography, art 
history, archaeology, and zoology. Each of these disciplines is examined in detail 
in order to clarify the ways in which the general ontology provided by the CRM 
can be used to consolidate and integrate information from widely divergent 
domains. Experience of the Musinfo project also provides insight into the 
practical implementation of a conceptual model such as the CRM using relational 
database technology. 
1.5 Plan of the document 
The document is composed of three major sections. The first, chapters 1-3, 
contains the general introduction and defines the theoretical background to the 
work. The second, chapters 4 and 5, is devoted to an examination of existing 
                                                 
2 The author was chair of the CIDOC working group responsible for the development of the CRM, 
and is currently coordinator of the ISO ad hoc group working towards its acceptance as an 
international standard. 
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approaches to integration. The third, chapters 6, 7 8 and 9, presents a general 
conceptual theory for the integration of CHI and develops examples of its 
practical application. 
1.5.1 General introduction 
The introduction describes the theoretical frame adopted for the research, 
describes the history and theory relative to the domain, and defines the 
“problematic”. 
1.5.2 Examination of existing approaches 
Different existing approaches to the integration of CHI are examined and 
analysed and evaluated in the light of the criteria defined in the first section. The 
projects selected for these case studies are intended to form a representative cross-
section of current mainstream thinking on integration in the cultural heritage 
sector. The shortcomings inherent in these projects tend to underline the 
limitations of a “pragmatic” approach to the conception and design of cultural 
information systems and highlight the need for a high-level semantic model for 
CHI. 
1.5.3 Presentation of the conceptual model 
The third section contains a theoretical presentation of the ICOM/CIDOC 
conceptual reference model for cultural heritage information, and an examination 
of two practical applications of its use: as the basis for the design of an integrated 
information system for the Musinfo project and in the context of prototypes for an 
“open world” online heritage resource. The CRM proposes a high-level semantic 
framework for the elaboration and design and integration of cultural heritage 
information systems. When combined with appropriate techniques for establishing 
identity this approach allows many of the problems identified in the preceding 
section to be resolved. 
Finally, the conclusion draws together the theoretical and practical 
considerations presented in the previous sections to provide an overview of the 
question of integration of cultural heritage information and goes on to discuss 
perspectives for future development. 
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2 Strategic benefits of integration 
In view of the complexity of the challenges outlined in the introduction 
section, it is worth underlining at this point the strategic importance of integrating 
cultural heritage information, both intellectual and economic. Even if the ultimate 
theoretical goal of completely integrated information systems cannot be achieved, 
there are nonetheless considerable advantages even in partial success. 
2.1 Intellectual benefits 
The first and most obvious advantage in integrating different sources is the 
potential increase in the depth and quality of information available to researchers 
and members of the public. The contextual information that a museum provides 
with an object: links to comparable objects in other institutions, to information 
about the stylistic, historical and theoretical interpretation, etc., help to give it 
significance and meaning. Without this background context, the object loses its 
“story”, the enjeu that makes it interesting. As Danielle Rice observes:  
To the uninformed eye, the fragments of other times and other cultures, removed 
from their original settings and rituals, are mere curiosities made by unknown people. 
[RICE 1987]  
Pierre Bourdieu and Alain Darbel even go so far as to argue that the 
absence of contextual and explanatory material in French museums functions as a 
mechanism of social distinction. [BOURDIEU, 1966] To appreciate and 
understand the contents of a museum, they argue, requires awareness of a special 
“code”. Those who do not acquire this knowledge find museum exhibitions 
incomprehensible and hence do not frequent them. At present, information 
integration is complex, costly and time-consuming. Improving the ease with 
which integration can be accomplished will improve the quality of information 
that can be collated and presented to the public. 
By improving access to distributed material, enhanced integration of 
information will also be of benefit to academics and researchers. The work of 
researchers should be facilitated both through a reduction of the time spent 
tracking down information stored in fragmented and disparate sources and by 
providing access to information which might otherwise have been overlooked. 
2.2 Economic benefits 
Unlike museums, libraries have long benefited from the economic 
advantages of shared data. Data about library holdings are, of course, easier to re-
use than those concerning museum collections because many libraries have the 
same books in their collections. The potential savings from avoiding entering the 
 12 
same cataloguing data many times are obvious. For museum collections and other 
areas of cultural heritage, the advantages are less obvious since items in museum 
collections are usually rare and often unique and therefore cannot be found in 
other collections. This is to ignore, however, the cost of replicating contextual 
information that surrounds individual items. The biography of an artist, the 
description of a technique, the analysis of an historical period or the definition of 
a species, can all be used many times and by many institutions. Reference 
databases such as the Getty’s Thesaurus of Geographic Names (TGN) and the 
United List of Artist Names (ULAN) aim to facilitate the use of common 
contextual data by providing shareable resources. Given the immense complexity 
of contextual information and the costs involved in its creation, the advantages of 
sharing and re-using information are significant. 
An additional economic benefit may arise from the effect of uniting 
otherwise disparate information sources into a coherent, and hence marketable, 
whole. The AMICO consortium, to which we will later return, brokers access to 
its consolidated database of information from over thirty fine arts collections. On 
their own, few individual members of the group would be in a position to exploit 
their collections in this way. 
A consortium of museums can target the development of non-overlapping resources 
among its members, build on the different intellectual perspectives its members bring 
to similar holdings, supply a market with the range of raw materials required for 
broad series of authored products, and invest in the front-end tools and interfaces that 
will enhance the value of items within the collection. A consortium can use the 
income from high demand items to create more markets for lower demand items and 
pool the individual collections of its members into resources that compete in 
encyclopaedic quality with those of any one source no matter how great. 
[BEARMAN 1995] 
2.3 A mission-critical responsibility 
Museums and other cultural heritage organisations have long recognised 
their responsibility both to conduct research about their collections and to make 
this information available to academics and to the general public. The ICOM 
statutes refer to research and communication as primary activities. Cultural 
heritage institutions also recognise that they have a responsibility not merely to 
provide information but also to ensure that this information is of a high quality 
and is readily accessible. Recent years have seen an increasing recognition on the 
part of museum professionals of this aspect of their role and of the need to make 
documentation attractive, relevant and interesting. 
…museums are re-examining their missions, roles, functions and values… Many are 
acknowledging the need to be more effective communicators. Many are increasing 
the emphasis given to interpretation and story-telling. [HALLETT 1997] 
As documentation specialists have become increasingly concerned to 
improve the quality of the information provided to visitors, the limits imposed by 
existing information systems have become increasingly apparent. Lack of 
integration is often cited as a key factor: 
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Historically, automation for exhibition and collection management have developed 
along very distinct and independent paths, with different sets of vendors, software, 
tools and platforms as well as no possibility of integration. [BESSER 1997] 
Lack of integration is seen as a major obstacle to providing information 
services of the necessary quality. Ensuring that disparate information sources are 
integrated is thus a responsibility inherent in the mission of cultural heritage 
institutions. 
Governmental bodies, too, have recognised the need for greater integration 
of cultural heritage. In 1996, the European Commission initiated a Memorandum 
of Understanding for Multimedia Access to Europe’s Cultural Heritage, which set 
out the perspectives for access to the European cultural heritage through the use of 
new technology. This led in October 1998 to the creation of the MEDICI 
framework (Multimedia for Education and employment through Integrated 
Cultural Initiatives).3 The primary goal of MEDICI is the promotion of innovative 
use of information technology and multimedia for access to Europe’s cultural 
heritage. 
2.4 The global information environment 
The availability of new technical media, in particular the emergence of the 
Internet, has stimulated cultural heritage institutions and created new 
requirements. Institutions wish to take advantage of these new possibilities and to 
ensure their visibility. Being able to harness effectively the information about 
their collections is critical to their success. 
Memory institutions are actively connecting their collections to these emerging 
knowledge networks. They are creating innovative network services based on digital 
surrogates of their current collections in rich interactive digital environments. They 
are focusing their traditional curatorial values on the challenges of rapidly changing 
and growing digital resources, and developing relevant practices to support its use 
and management over time. [DEMPSEY 2000] 
The need to transform and publish material on the Web places new 
burdens on existing information systems. Being able to integrate data prepared for 
exhibitions, from collections management databases and from other sources, 
greatly enhances the quality of the end product. 
The Science Museum is in the process of creating a series of narrative-based digital 
documents, ‘Exhiblets’. These are intended to perform a number of functions, 
including acting as online resources… Exhiblets draw on information held in various 
forms, managed by a number of domains across the Museum and beyond. 
Comprising information drawn from the Museum collections, the Museum’s Library, 
its Archive and existing publications, Exhiblets depend on information being made 
accessible from these domains at item and collection level, and place this content in a 
narrative context… [DEMPSEY 2000] 




There is a marked and growing tendency over recent years towards  
convergence and co-operation between cultural heritage institutions.4 Many are 
seeking ways to pool their information to create high-value resources which can 
be exploited in numerous ways, both in-house and via the Internet. Institutions 
who fail to make their information systems open and compatible will be unable to 
participate in this movement. Ignoring these opportunities may prove to be a 
strategic error. Integration can enhance the quality of cultural heritage information 
and the visitor’s experience. Audiences and resources will naturally be drawn to 
the more dynamic and attractive institutions while others risk becoming isolated, 
losing their clients and possibly their funding. 
                                                 
4 Note, for example, the creation in 2000 of Resource in the UK, a government agency with overall 
responsibility for museums, archives and libraries. http://www.resource.gov.uk/index.html 
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3 Description of the domain 
The domain of cultural heritage information concerns three major types of 
institutions: libraries, archives and museums. Although we must take into 
consideration the interaction between all three types of institution, our focus is on 
the needs of museums. Like any institution, the information requirements of 
museums can be defined in terms of their objectives and activities. However, in 
the case of museums, these are particularly complex and, to some extent, 
contradictory. In order better to appreciate the nature of the different roles that 
museums play and the tensions that exist between them, we present here a brief 
outline of the historical development of the contemporary concept of the museum, 
followed by a discussion of museological theory relative to the domain. Our aim 
here is to gain insight into the domain and to arrive at a precise definition of the 
scope and nature of cultural heritage information. 
3.1 Brief outline of the historical development of museums 
The development of the modern museum has a long history and can be 
traced through a number of different phases, each of which has contributed 
important elements to the contemporary view. 
The etymological origins of the word museum can be traced back to the 
“Mouseion” of ancient Alexandria, an establishment dating from around 300 BC 
where philosophers and academics lived and studied. The residents benefited from 
the library, zoological gardens, observatory and anatomy laboratory. Although in 
most respects the institution had more in common with a university than with 
what we would today recognise as a museum it was nevertheless the origin of the 
tradition of the museum as a place of study. This aspect of museums is still very 
much in evidence and many contemporary institutions have strong ties to 
universities.5 
The first use of the word museum to signify a collection is usually 
attributed to Paolo Giovio who, in 1543, constructed a special building to house 
his collection of portraits. From the sixteenth century onwards, the word museum 
was used to signify a collection of objects assembled out of scientific interest or 
simply for their curosity value, the “cabinet of curiosities”. The possession of such 
a collection became a widespread phenomenon and a mark of social prestige. 
Travellers were encouraged to visit these private collections and catalogues were 
published to publicise their existence. In the absence of any theoretical or 
historical framework, the criteria for inclusion of items in these private collections 
tended to be their rarity, curiosity, and artistic or aesthetic value. Hence such 
                                                 
5 In Geneva, the city museums CJB, ETH and MHN all have administrative links with the 
University. Several of the museum curators are also professors. Curators from the MAH regularly 
offer classes in aspects of museology as part of a post-graduate diploma organised in conjunction 
with the University. 
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collections favoured the unique and the unusual. This tradition is still apparent in 
today’s regional museums, private collections and, in some respects, historical 
and fine arts collections with their clear emphasis on the aesthetic value of the 
objects. 
It is important to note that although the cabinet of curiosities was often 
open to visitors, it remained a private collection. The modern public museum 
emerges clearly from the earlier tradition with the creation of the Ashmolean 
Museum in Oxford, based largely on the collection of rarities assembled by John 
Tradescant, the guardian of the royal gardens. Elias Ashmole, who had inherited 
the collection, bequeathed it to the university on the condition that a building 
should be erected to house it. Many of today’s most prestigious collections were 
originally founded in similar circumstances and museums continue to receive 
donations and bequests of entire collections from private collectors.6 As one might 
expect, the criteria of selection applied by private individuals are not always in 
agreement with those of the receiving institution. 
The eighteenth and particularly the nineteenth centuries saw the creation of 
large and impressive national museums, and the emergence of a new scientific 
approach to museum collections. This transformation of the concept of the 
museum was founded on three important elements: an attempt at systematic 
classification, particularly successful in the field of natural history, a consequent 
tendency towards specialisation, and a didactic mission to educate the public. 
Whereas the private collection was often an eclectic assemblage with no 
particular organising theme, other than the general curiosity value of the 
individual pieces, the public museums which emerged from the eighteenth century 
onwards were increasingly focused on a particular subject, organised according to 
encyclopaedic principles and used both for study and for education. Collections 
were seen as physical demonstrations of the different branches of natural history 
or human culture, and the collection itself was organised and arranged according 
to chronological and systematic principles. This tradition of systematic 
organisation is still apparent in the presentation and ordering of many natural 
history collections, but also in some ethnographic, archaeological and numismatic 
collections. 
The revolutionary period highlighted another aspect of the museum: as a 
storage place for the accumulation and preservation of cultural wealth, often 
acquired abroad and repatriated as the spoils of imperial expansion. This role has 
had a profound impact on contemporary museums. Most countries now place 
statutory limits on the movement of cultural objects and the liberty of public 
institutions to dispose of their collections. 
On the basis of this rapid historical review we see that today’s museum 
tradition inherits three key features from the past: 
• It is considered as a place of learning, and encourages study and 
research. 
                                                 
6 The British Museum originated in the collections of Sir Hans Sloane. In Geneva, the ethnography 
museum benefited from the collections of Georges Amoudruz, and the Ariana collections from 
those of Gustav Revilliod. 
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• It possesses a permanent collection which it seeks to organise, 
conserve and expand. 
• It allows public access and organises exhibitions both for education 
and for pleasure. 
Since the creation of ICOM, in 1946, these features have been formalised 
as the mission and statute of the contemporary museum: 
A museum is a non-profit making, permanent institution in the service of society and 
of its development, and open to the public, which acquires, conserves, researches, 
communicates and exhibits, for purposes of study, education and enjoyment, material 
evidence of people and their environment. [ICOM 2001]7 
Though arguably too restrictive, the use of the term “evidence” to describe 
the objects in museum collections is significant. It suggests that cultural heritage 
information is not limited to information directly concerning the objects 
themselves but also encompasses a broader information space to which they refer, 
as evidence. We shall develop this line of argument in section 2.2, “Theory 
relative to the domain”. 
The diagram below offers a symbolisation of the activities referred to in 
the ICOM definition and their relationships. The central activity is clearly the 
collection of material evidence. All these activities are seen as being undertaken 














Fig. 2 – Domains of museum activity 
To this list of primary activities we can add some important secondary 
activities such as the recording and maintenance of adequate documentation, 
including photographs, collections management and loans management, as well as 
numerous administrative concerns such as accounting, personnel management and 
insurance. 
                                                 
7 It is interesting to note that earlier versions of this definition made no reference to the 
environment. Taken literally, collections of natural history were excluded. 
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3.1.1 Actors in the museum 
In Switzerland, the principle actors involved in key museum activities are 
defined in “Les professions du musée” edited by ICOM-Suisse. [ICOM 1994] 
They include: 
• Registrar (Chargée de l’inventaire). Responsible for the inventory, 
loans management, and all related documentation. 
• Mediator (Chargée de médiation culturelle). Functions as an 
intermediary between exhibitions and the general public. Organises 
schools visits and guided tours. Produces pedagogical material for use 
by schools. 
• Curator (Conservateur). Responsible for a domain or project within the 
museum. Establishes the collections policy, ensures the quality and 
coherence of the collections, undertakes scientific research, organises 
exhibitions, maintains the departmental budget. 
• Director (Directeur). Co-ordinates the activities of the institution, 
ensures the training of the staff, represents the museum in public. 
• Photographer. Produces the photographic record of items in the 
collections. 
• Restorer (Préparateur, restaurateur). Ensures the physical conservation 
of objects within the collections, prepares items for exhibition. 
As can be seen, the responsibility for scientific research – the production 
of cultural heritage information – is assumed by the curator. Documentation – the 
physical recording of cultural heritage information – is the responsibility of the 
registrar. In the French-speaking world it is not uncommon for the role of 
“registrar” to be assimilated with that of curator. This means that the curators 
often have responsibility for the entire “chain” of museum activities: acquisition 
and conservation, collections management, research and documentation, as well 
as the organisation of exhibitions and other forms of communication. 
3.1.2 Potential conflicts 
It is important to note that there are tensions inherent between the multiple 
objectives of museum activity. The fusion of the traditions of collecting, study and 
exhibition do not marry well. Most obviously, the aims of conservation and 
preservation of the collections are in conflict with their presentation to the general 
public. Put bluntly, public access tends to deteriorate or even destroy collections. 
This is due particularly to the risk of damage to fragile objects or environments, 
but also to the practical difficulties involved in providing public access to an 
entire collection. As Kenneth Hudson observes, “a 100% perfect conservation 
policy might mean that nothing was ever displayed, but perpetually kept in the 
dark”. [HUDSON 1997] Public display of religious and other sensitive items from 
other cultures may also provoke hostile reactions or lead to demands for their 
restitution. Bearing these considerations in mind, the display of museum 
collections is a compromise between access and preservation. Neither goal can be 
 19
satisfied completely. Often, the needs of preservation are given precedence. The 
desire to preserve a rare biotope, for example, may lead to information being 
withheld from the public. Claude Lapaire, in his practical guide to museology, 
insists that “L’exposition ne doit pas compromettre la conservation des 
collections”. [LAPAIRE 1983] p 59 The needs of conservation may also have an 
impact on the manner of presentation, hence on both aesthetic and educational 
aspects: “On évitera de placer côte à côte ...des statues en bois polychromes et des 
bronzes qui exigent des conditions d’humidité contradictoires.” [ibid.] p 60 
The needs of research may come into conflict with those of public 
education, due to considerations of primacy and intellectual property. Researchers 
may, quite naturally, be unwilling to allow public access to the subject of their 
study. 
Another potential conflict exists between education and pleasure. The most 
educative presentation is not necessarily the most visually appealing. As Jean-
Louis Daubenton remarked when reclassifying the royal mineral collections: 
“L’ordre méthodique qui dans ce genre d’étude plaît si fort à l’esprit, n’est 
presque jamais celui qui est le plus agréable aux yeux”. Quoted in [SCHAER 
1993] p 40. 
Finally, acquisition and conservation do not necessarily go hand in hand. 
Museums sometimes wish to dispose of objects that they consider to be relatively 
uninteresting in order to acquire others of greater significance. Objects may also 
deteriorate to such an extent that they become hazardous and have to be destroyed 
in order to avoid damage to the remainder of the collections. 
3.1.3 Summary 
Today’s museums are the result of a rich and complex history and the fruit 
of the intersection of a number of intellectual traditions. The collections they 
contain reflect aspects of many conflicting values and missions: the eclecticism 
and curiosity value of the private collections on which they are founded, the 
requirements of systematic classification, the aesthetic value of exhibitions, and 
the needs of study, research, preservation and display.  
From the point of view of the conception and design of information 
systems, the existence of these underlying tensions is significant since it leads to 
fundamental tensions in requirements analysis, which will be reflected in the 
design. One goal may be favoured over the others, or a compromise may be 
sought between them. These circumstances can lead to radically divergent and 
conceptually incompatible systems being adopted by different institutions, which 
will tend to exacerbate the difficulty of integrating the information they contain. 
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3.2 Theory relative to the domain 
3.2.1 Defining the scope of cultural heritage information 
All the activities of a museum generate bodies of information that form 
part of “cultural heritage information”. The acquisition and conservation of a 
collection results in information relative to the management and preservation of 
the objects in the collection, and to the collection as a whole. Research produces a 
body of knowledge about individual objects and about their historical and 
environmental context. Communication results in further bodies of information 
concerning exhibitions, effective means of communication, and pedagogical 
material. 
Our specific concern in the present study is with cultural heritage 
information in the narrow sense of information that is derived from individual 
objects and collections when considered as evidence of people and their 
environment. We wish, however, to exclude information concerning the day-to-
day functioning of museums: collections management, the transport of objects, the 
planning and execution of exhibitions, security and environmental control, results 
from visitor surveys, etc. All this information, although relevant to museums, is 
not necessarily “cultural” in the required sense. It would be unwise to base this 
distinction merely on the intuitive assent of the reader. We are therefore 
confronted with the problem of arriving at a precise definition of the scope and 
extent of “cultural heritage information”. 
Thus far we have “naively” treated cultural heritage information as 
coextensive with the information contained in the information systems of 
institutions such as museums.8 Museums, it would be argued, collect, preserve 
and exhibit objects that are of cultural significance. Cultural heritage information 
is information about these objects. Museums store this sort of information in their 
information systems, therefore cultural heritage information is the information 
found in museum information systems. 
This approach has the advantage of pragmatic realism, since museum 
information systems obviously constitute a major source of available data, but we 
need now to arrive at a more precise theoretical definition. A number of factors 
render the pragmatic approach unsatisfactory: 
• Museum information systems are inherently incomplete. 
The information contained in current museum information systems is 
contingent on factors such as the orientation of the institution, 
available staff resources, objects currently in the collections, etc. It is 
not coextensive with the potential domain of cultural heritage 
information, or even with the extension of a “complete” museum 
information system. 
                                                 
8 For the sake of simplicity we use the term “museum information systems” to refer more 
generally to information systems of all cultural heritage institutions, including libraries and 
archives. 
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• Museum information systems are object-centred.9 
Museums typically have an “object-centred” view of what constitutes 
cultural heritage. Objects are used by museums both to express and to 
define cultural heritage. Their documentation tends to reflect this view 
and concentrates on the attributes and properties of physical objects, 
and in particular on those objects that form a part of the collections. 
However, it can be argued that much that is culturally significant is not 
physical in nature and cannot be collected by museums. This includes 
entities such as events, practices, traditions, beliefs, languages, etc. 
Information about these entities is required for a full and complete 
view of cultural heritage and indeed for the interpretation of the 
objects in the collections. The domain of cultural heritage information 
may well extend beyond the object-centric information maintained by 
museums. 
• Not all museum information is relevant. 
Much of the information that is contained in museum information 
systems, including much information pertaining directly to objects 
within the collections, cannot properly be characterised as cultural in 
nature. Museums also deal with accounts, personnel files, and 
collections management information, much of which is intended for 
tracking the dispatch, transfer and location of objects, their insurance 
value, legal responsibility, reproduction rights, etc. Museums are 
usually reluctant to transmit this type of information along with 
information about, say, the history and provenance of an object. 
• Some culturally relevant objects are excluded from museum 
information systems. 
Many of the objects collected and maintained by museums are 
excluded from collection inventory, either because they are not 
considered to be relevant, or because they are in some sense not valid 
“collection” items. This exclusion obviously covers office equipment 
and furniture, but may also extend to objects that are nevertheless used 
in exhibitions, such as pedagogical material, models, photographs and 
catalogues. A definition of cultural heritage information is needed in 
order to determine which objects should be considered as culturally 
significant and pertinent and therefore in need of documentation.10 
The diagram below attempts to represent the relationships between the 
domains of objects owned by museums, objects incorporated into museum 
collections, museum information systems and cultural heritage information in 
general. 
                                                 
9 The term most often used by museum professionals is “object-oriented”. We have preferred the 
term “object-centred” in order to avoid confusion with the different sense applied to this term in 
computer science. 
10 According to the nature and orientation of the museum, objects considered as legitimate 
collection items in one area may not be acceptable to another. Office equipment and other 
technological artefacts may find their way into a collection of technology and science; hats, 













Fig. 3 – Scope of information about objects and cultural heritage 
The scope of current museum information systems partially covers the 
description of objects incorporated within museum collections (due to the factors 
mentioned above) as well as objects that, though owned by the museum, may not 
be considered culturally significant and which are therefore excluded from the 
collections. Some cultural heritage information not related to museum objects 
may also be included, as is some information that concerns neither cultural 
heritage nor museum objects. 
The theoretical scope of cultural heritage information covers all objects 
contained in museum collections, as well as some objects owned by museums but 
not incorporated within the collections. It also concerns elements that lie outside 
the domain of museum objects. Some information contained in museum 
information systems must specifically be excluded from the scope of cultural 
heritage information. 
In view of these considerations, it is difficult to argue that the domain of 
cultural heritage information is coextensive with the information contained in 
museum information systems. We therefore require a theoretical definition of the 
extent of cultural heritage information that enables us to characterise a) what 
information is and is not cultural in nature and b) to determine which objects are 
of cultural significance. 
3.2.2 Definitions of “culture” 
In order to define cultural heritage information we need first to define the 
term “culture”. If we look first to dictionaries we are confronted with some 
extremely broad definitions: 
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The total of the inherited ideas, beliefs, values and knowledge which constitute the 
shared bases of social action. [Collins 1995] 
The integrated pattern of human knowledge, belief, and behavior that depends upon 
man’s capacity for learning and transmitting knowledge to succeeding generations. 
[Webster 1995] 
These definitions are clearly too inclusive for our purpose since they 
extend over many aspects of museum activity we wish to exclude. They also 
appear to exclude elements of natural history, since they are not products of 
“human work”, which we might wish to include.  
Definitions provided by anthropology and ethnography are suggestive, but 
require further interpretation in order to apply to cultural heritage information: 
Culture... taken in its wide ethnographic sense is that complex whole which includes 
knowledge, belief, art, morals, law, custom, and any other capabilities and habits 
acquired by man as a member of society.  [TYLOR 1871] 
Culture consists of patterns, explicit and implicit, of and for behavior acquired and 
transmitted by symbols, constituting the distinctive achievements of human groups, 
including their embodiments in artifacts; the essential core of culture consists of 
traditional (i.e. historically derived and selected) ideas and especially their attached 
values; culture systems may, on the one hand, be considered as products of action, 
and on the other as conditioning elements of further action. [KROEBER 1957]  
The system of shared beliefs, values, customs, behaviours, and artifacts that the 
members of society use to cope with their world and with one another, and that are 
transmitted from generation to generation through learning.  [BATES 1990] 
… a system of inherited conceptions expressed in symbolic form by means of which 
men communicate, perpetuate, and develop their knowledge about and attitudes 
towards life. [GEERTZ 1997] 
We can nonetheless identify several key notions underlying these 
definitions, which can be applied in the present context: 
• Culture is not innate but is acquired by learning. It is a form of 
“intellectual property” such as ideas, knowledge, and beliefs. 
• Culture is shared by and characterises members of a social group. 
• Culture can be expressed and communicated, notably through 
artefacts. 
The expression and transmission of culture often takes the form of 
persistent physical manifestations, objects and features of objects. These physical 
indications of culture are often referred to as material culture. It is the 
accumulated residue of these physical manifestations – the trace left by different 
social groups – that constitutes cultural heritage and which forms the basis of 
museum collections. 
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This definition allows us to formulate a set of criteria for the inclusion of 
an object in the domain of cultural heritage:  
1. It must be expressive or revealing of collective intellectual property. 
2. It must be expressive of collective intellectual property which is 
characteristic of some social group and, finally.  
3. It must express intellectual property which is not innate but which is 
acquired through learning. 
Taken at face value, documents relating to collections management, 
personnel records, and financial accounts, needed for the day-to-day running of a 
museum, do not meet the second and third criteria and can therefore be excluded 
from the realm of cultural heritage information. Within the context of the 
museum, the information they contain is neither collective nor characteristic of 
social groups. This does not mean, however, that within a different context, such 
information would not be culturally significant. An anthropologist, studying the 
culture of contemporary museum practices, might well find it relevant, just as the 
clay tablets of ancient Sumerian accountants are now considered as cultural 
heritage. It would seem that the initial, literal meaning and purpose of documents 
can be absorbed and supplanted by their cultural significance. 
This apparent paradox arises from the fact that any object or document can 
have multiple levels of significance. The literal meaning of accounting documents 
is concerned with financial transactions, which are not “cultural” by our 
definition. However, the symbols used to express these transactions, as well as the 
mathematical and accounting techniques they employ, do form part of our 
collective intellectual property. Taken at this second degree, any document or 
form of data that represents meaning through symbols has cultural significance, 
since it provides evidence of the existence and use of the symbolic system, which 
is itself a cultural entity. For this level of cultural significance to become apparent, 
the literal meaning has to be eclipsed. The literal meaning of current documents is 
too present for this secondary, cultural significance to be apparent. 
Museologists describe the process by which objects are taken out of their 
ordinary context and placed in a museum as “musealisation”, through which the 
object becomes a piece of “musealia”. The process effectively conceals any literal 
meaning an object may originally have had and draws attention to its cultural 
significance. 
3.2.3 Semiotics and cultural significance 
The way in which material objects acquire cultural significance requires 
further examination. The mere presence of an object within a museum collection 
is not sufficient to establish its significance. Although objects are generally 
acquired by museums because of their cultural significance, most museum 
collections contain at least some objects that are no longer considered to be 
important and which have been relegated to museum storerooms. We can infer 
from these observations that cultural significance is not an inherent or permanent 
characteristic of an object but is relative to other factors, which may vary over 
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time. We therefore need to understand the nature of the relationship that allows 
objects to have cultural meaning. 
Semiotics,11 the theory of signs, offers a useful theoretical basis for 
understanding the cultural significance of museum objects. Some museologists 
have adopted semiotics as a frame of reference [SCHARER 2000], and many 
semiologists use museums, museum objects and exhibitions as examples of 
semiotic systems.12 We therefore feel justified in adopting semiotics as a 
theoretical framework, which can be applied to the analysis of significance and 
meaning of material culture.13 
Semiotics can be described as a theory of signs, or a theory of meaning. 
According to semiotics, signs are the basic unit of meaning. A sign is composed 
of two elements, the “signifier” and the “signified”. It is the relationship between 




Fig. 4 – Key elements of the sign14 
This relationship between signifier and signified can be established in a 
number of different ways: 
• By convention, as is the case with linguistic entities such as words. 
This is often referred to as symbolic mode. 
• By analogy, because the signifier is perceived as resembling in some 
way the thing signified. Generally referred to as iconic mode.15 
                                                 
11 Current theories of semiotics are derived from two sources, C.D. Peirce and Ferdinand de 
Saussure. Although the term “semiotics” is sometimes used to refer specifically to the tradition of 
Peirce, (“semiology” is the Saussurian term), it is more generally used as a broad name for both. 
We employ it here in this latter sense. 
12 The application of semiotics to culture in general has its critics: John Sturrock comments that 
the “dramatic extension of the semiotic field, to include the whole of culture, is looked on by those 
suspicious of it as a kind of intellectual terrorism, overfilling our lives with meanings”. 
[STURROCK 1986] 
13 We do not wish to argue here that the value of a museum object is entirely exhausted by its 
semantic value as a sign. Examples might be the aesthetic or the monetary value of an object. 
Museum objects may indeed possess some non-semantic forms of value. However, this non-
semantic value is, by definition, not generative of cultural heritage information. e.g. no cultural 
heritage information derives from the insurance value of a painting. By our definition, saying that 
an object has no semantic value and therefore does not generate information is strictly tautological. 
The non-semantic value of an object, if it has any, is inherent: it does not refer to anything beyond 
itself and is therefore, as Wittgenstein would say, something “of which we should not speak”. 
14 Saussure emphasises the “analytic” nature of the separation of signifier and signified, arguing 
that one cannot exist without the other. This point of view is not universally accepted however, 
and we have preferred a presentation which emphasises the distinction between the two concepts. 
15 The term “icon”, when used in connection with computer interface design, does not have the 
same meaning. Most computer icons are symbols or metonyms. 
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• By inference, because the signified can be inferred from the signifier. 
Usually known as indexical mode (also referred to as “natural signs’). 
These three modes vary in the degree to which the relationship between 
the signifier and signified is arbitrary and conventional.16 The symbolic mode is 
almost entirely conventional; the signifier usually does not resemble the signified 
in any way and cannot be understood without knowledge of the relevant 
conventions. Iconic signifiers may appear to resemble the things they signify and 
are therefore more immediate, although some conventional aspects may still be 
present in the manner of representation, which require prior knowledge for its 
correct interpretation; (such as knowledge of perspective, graphic techniques, 
etc.).17 Indexical signifiers are not purely arbitrary but are connected in some way, 
either physically or causally, with the things they signify. Smoke, for example, 
indicates the presence of fire, a footprint the passage of an animal. Metaphors and 
metonyms, such as “sail” for “ship”, the “crown” for the “monarchy”, are also 
usually regarded as indexical signs. 
Typical museum objects can be seen to function in all three semiotic 
“modes of relation”.  
• Iconographic codes,18 symbols and other words constitute conventional 
signs, which are present in many artefacts. A whole object may also 
take on a particular symbolic function through its title. 
• Representational paintings and images, sculptures and ceramics 
frequently represent other objects, and have an iconic function. 
• Archaeological finds, scientific specimens, etc. provide evidence for 
scientific theories, and therefore acquire a semiotic function as 
indices.19 
If they are considered primarily as evidence of people and their 
environment, objects in museum collections have a high indexical value.20 
                                                 
16 Semiotics in the tradition of Saussure is sometimes criticised for its emphasis on the language 
and the omnipresence of social conventions of interpretation. Although we recognise that indexical 
signs may well rely on some conventional aspects for their interpretation, we nonetheless maintain 
that the process of inference from natural signs used as evidence is essentially non-conventional. 
17 It is important to note that iconic representation depends on perceived similarity. Pictorial 
representations do not, in fact, resemble the things they represent to any great degree. A 
photograph, for example, is really much more like another photograph than any person or other 
object it purports to represent. 
18 The study and analysis of visual symbols and codes in art is usually referred to as 
“iconography”. This should not be confused with the “iconic” mode of semiotic relation. 
19 Can natural evidence be considered as a sign? Semiotics generally discusses signs as cultural 
phenomena which can be interpreted by a social group. The sign, however it is constructed, is used 
as a means of communication between group members. The interpretation of “natural signs”, it 
could be argued, does not depend on social activity in this way. Evidence does not have a 
communicative function and is not produced intentionally. In reply to this argument we observe 
that a) the ordinary usage of the word “meaning” covers this usage of inferred conclusion e.g. “the 
carbon 14 level we found means that this cloth can be dated to around 500 AD and is therefore a 
forgery”; b) that the testing and verification of scientific hypotheses can itself be seen as a social 
process of construction of meaning, so that the scientific value of the specimen – its function as a 
sign – is established and recognised; and  c) that the three elements of the semiotic relationship are 
still present, whether or not the sign itself is intentional. 
20 Objects collected by other types of cultural heritage institutions, typically archives and libraries, 
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Possibly the simplest form of indexical sign is a specimen used as an example. An 
object stands as an example of a category and demonstrates that at least one 
member of the category exists. (Considered as a paradigm – as in the case of 
biological types – it can also be used to derive information about secondary 
characteristics.) Typically, evidence does not admit of copies. A knife, although 
exactly similar to the murder weapon, does not have the same value as the weapon 
itself. Similarly, a copy of a painting, even if it is virtually indistinguishable from 
the original, does not have the same value as evidence of the artist’s œuvre.21  
3.2.3.1 The “polysemic” nature of museum objects 
These different modes of semiotic relation are not mutually exclusive. An 
object may function simultaneously at many different semiotic levels. Indeed it is 
particularly characteristic of many cultural objects that they are polyvalent. 
Cultural objects are frequently polysemic, i.e. they constitute multiple signs 
simultaneously. 
                                                                                                                                     
do not have the same “semiotic profile”. We mean by this that collection types are characterised by 
a predominant semiotic mode of relation between signifier and signified. Museum collections are 
largely iconic and indexical in character, whereas the holdings of libraries and archives are 
typically symbolic mode objects such as written documents. We may note, however, that copies of 
books and archival documents, as well as ancillary objects such as maps, posters and engravings, 
which often form part of library and archive collections, may nevertheless acquire indexical or 
iconic functions in the same way as museum objects. Any object may have multiple levels of 
semantic function: as written text, as icon and as evidence. We therefore feel confident in 
extending the general conclusions we draw about the nature of cultural heritage information to 
cultural heritage institutions other than museums. 
21 Hence the importance to art historians of differentiating originals from forgeries and copies. 
Although it is sometimes argued that the purely aesthetic value of a painting is not altered by its 
provenance, its value as evidence for an interpretation of an artist’s œuvre, is removed. Changing a 
work’s attribution changes the context in which it is placed and the way it is interpreted; hence the 
aesthetic value is also likely to be altered. 
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Fig. 5 – Sir Joshua Reynolds: Mrs Siddons as the Tragic Muse, 178922 
We may take Reynolds’ portrait of the actress Sarah Siddons Mrs Siddons 
as the Tragic Muse, 1789, as an example, and outline some of its semiotic 
potential. At a literal level, the painting represents a person, Sarah Siddons. In this 
respect the image has an iconic function and can be seen, in the vocabulary of the 
time, as a “likeness”. Moreover, Mrs Siddons is posing in the role of the “Tragic 
Muse”. This is indicated in the painting by the presence of two shadowy figures of 
“Pity” and “Terror”, in the background, who can be identified by their 
conventional, theatrical expressions. The pose adopted by the actress is also 
reminiscent of Michelangelo’s prophet Joel in the Sistine Chapel. These 
references to theatrical conventions and other works of art constitute a Web of 
symbolic and iconic signs. The title of the painting, another symbolic sign, 
anchors the interpretation.  
                                                 
22 The Huntington Library, San Marino, USA. 
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The painting also serves as evidence, by revealing Reynolds’ 
preoccupation with the value of “history painting” which he admired, and the 
reality of portrait painting, for which he was paid. The device of portraying the 
sitter as an allegorical figure provided a convenient compromise between the two, 
allowing the first president of the Royal Academy to avoid any blatant 
contradiction between his official, high-minded stance and his everyday practice.  
The painting makes use of shared visual codes, such as perspective, and 
techniques allowing the representation of three-dimensional objects in terms of 
line and colour, without which it could not be understood. The general tone of the 
painting, which eschews bright colours and emulates a varnish encrusted “old 
master”, also confirms Reynolds’ admiration and respect for traditional painting. 
At a still more general level, the painting also provides evidence of a certain 
conception of artistic activity, which recognises the role of the artist in society and 
places value both on paintings and actresses. 
These multiple layers of signification reveal the richly polysemic nature of 
the painting which functions simultaneously as an icon, as an index of cultural 
attitudes and fine art practices, and as a form of symbolic expression. 
Geological specimens of minerals may seem less promising as examples of 
polysemic cultural objects. They provide a physical trace, it might be argued, of 
chemical and geological events and processes which, following our definition, are 
not cultural. However, specimens of minerals also provide evidence of a scientific 
approach to geology, one that leads to specimens being collected, analysed, 
classified and displayed. This scientific endeavour is cultural – a shared form of 
intellectual activity. We might agree that the mineral per se is not cultural, but that 
the museum specimen of the mineral is. By the fact of its collection, classification 
and preservation, it has become a “pseudo artefact”, and now plays a small but 
significant role in the whole intellectual construction that is geology. The 
circumstances of collection may also contribute to the specimen’s cultural 
significance. This would be particularly evident in the case of moon rock. 
3.2.3.2 Codes 
Codes are a fundamental concept in semiotics. A code can be defined as a 
system of conventional rules, which enable symbolic signs to be interpreted 
within a community. Codes organize signs into meaningful systems that correlate 
signifiers and signifieds. Examples of codes include natural language, scientific 
notation, “body language” and gestures, dress codes, and fashion. Typically, the 
dominant codes used within a social group tend to become transparent or 
naturalised so that users are normally unaware of their existence. 
Certain codes may... be so widely distributed in a specific language community or 
culture, and be learned at so early an age, that they appear not to be constructed – the 
effect of an articulation between sign and referent – but to be “naturally” given. 
Simple visual signs appear to have achieved a “near-universality” in this sense: 
though evidence remains that even apparently “natural” visual codes are culture-
specific. However, this does not mean that no codes have intervened; rather, that the 
codes have been profoundly naturalised. [HALL 1980] p 132 
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Although the relationship between signifier and signified in a symbolic 
sign is said to be arbitrary, codes place logical constraints on the way in which 
symbols function. Codes are used both during the “writing” and the “reading” of a 
message. Codes are not permanent and unvarying but historical: they evolve over 
time; new codes may be created and others lost. Languages change and disappear; 
new ones emerge. The transparent nature of dominant codes means that their 
analysis and documentation may be particularly difficult. However, as the code 
changes or falls into disuse, signs which make use of it will cease to function, 
unless a conscious effort is made to maintain and if necessary to reconstruct a 
record of the code explicitly. 
Many works of art use symbolic forms of expression based on codes. Due 
to their historical nature, the codes on which a work of art is based may thus 
become invalid and unrecognisable. Interpretation of the work requires exegesis 
of the missing codes in order to reveal the original signification. In Renaissance 
painting, for example, the colour blue is frequently used in reference to the Virgin 
Mary, an association that may well have arisen due to the high cost of producing 
blue pigments from lapis lazuli. With the arrival of artificial pigments, the colour 
blue has lost much of its material and hence its spiritual value. For the modern 
viewer to appreciate the choice of colour in a Renaissance painting requires the 
reconstruction of the code which enables the sign to be recognised and 
understood, i.e. the signifier, “lapis blue”, the signified, “the Virgin Mary”, and 
the relationship between them, “precious pigment, reserved for special use”. 
3.2.3.3 Syntagms 
Another critical element of semiotic theory is the notion of syntagms. The 
syntagmatic analysis of signs recognises that the structure and arrangement of a 
collection of individual signs may in itself contribute to the semiotic function. A 
collection of signs is more than just the sum of its parts. This is most obvious with 
respect to words within a sentence. The order in which the words are placed, the 
forms that are used, give specific sense to a given sentence. Works of art may also 
make use of structural elements: the balance, proportion, order and placing of 
objects within a painting follow structural codes which give sense to the work.23  
Syntagmatic analysis can also be applied to exhibitions. Curators recognise 
the importance of a particular “hang”: the way in which objects are disposed in an 
exhibition. The juxtaposition of items and their arrangement expresses particular 
interpretations and statements about the objects, and their relative values. 
The curator is permitted his modicum of fulfilment in his display of professional 
skills in the ‘gallery hang’ – often tasteful, occasionally ‘challenging’... the most up 
to date art-historical theories can be tried out in occasionally unexpected and 
unconventional groupings. Philippe Wright in VERGO 1989 p 122. 
The gallery hang is recognised as having specific semantic value and as a 
means of expression used by curators in the preparation of exhibitions. Placing 
dissimilar objects next to each other tends to highlight their differences, and may 
draw attention, or even tend to conceal, certain aspects of the objects. The MHN 
                                                 
23 Note, for example, the alignment of the dove in Pierro Della Francesca’s Baptism. 
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used this technique in a recent exhibition by juxtaposing the bones of a dinosaur 
with those of a chicken to highlight the similarity of structure. 
The systematic organisation of collections, which has formed part of the 
museum tradition since the eighteenth century, attempts to impose a structural 
logic on the items in the collection. Individual objects gain their significance from 
the general classification schema in which they are placed. The collection as a 
whole can thus be considered as a syntagm, the classification system as a code. 
Finally, museum objects and groups of objects can be seen as forming part 
of larger, over-arching structures. Individual works find their place within an 
artist’s œuvre, described in terms of its phases of evolution. On a yet broader 
scale, theories such as Wölfflin’s classic Principles of Art History, [WOLFFLIN 
1915] place individual works, œuvres and whole movements into a theoretical 
framework of stylistic development. 
3.2.3.4 The “enjeu” of the object 
We borrow the term “enjeu” from literary analysis, where it refers to the 
writer’s literary purpose in a passage of text. We use it here to refer to the critical 
value that an object has and thanks to which it merits inclusion in, say, an 
exhibition or catalogue. Each object, selected from many other possible choices, is 
there to “make a point” and the curator or designer will select the object that lends 
the most weight to the argument. The enjeu of a cultural object is its raison d’être 
within a collection or exhibition. 
This critical value attached to an object can be seen as a meta-level 
semiotic function in which the object as a whole, including its more obvious 
meanings, is used as a signifier in a new sign. To use Barthes’ terminology, this 
constitutes the “mythological” level of signification. Although the enjeu of the 
object makes use of and depends on the object’s more literal meanings, its 
selection and inclusion within a new context gives it an added significance, one 
which may run counter to the original intentions of the creator. Peter Vergo refers 
to the highly negative value that the organisers of the infamous 1937 exhibition of 
“Degenerate Art” attached to works that, today, are considered to be some of the 
finest examples of twentieth century painting. [VERGO 1989] p 55 
Over time, the context that originally gave an object its critical value may 
change. The object is then relegated to a less visible position in the collections. 
Saumarez Smith describes the changing fortunes of items within the woodcarving 
collections of the V&A.  
The Mark Lane archway entered the collections … in order to demonstrate the 
qualities and characteristics of a particular school of woodwork. [It] has essentially 
been lost to view from both public and scholarly attention. … The history of 
woodwork in the V&A is an example of the way a museum can assemble a collection 
for good and legitimate reasons and then forget what those reasons were, or, 
alternatively, change its ideology… leaving a portion of its holdings stranded and 
forgotten. Saumarez Smith in [VERGO 1989] p 14 
The enjeu of an object is what makes it interesting and motivates its 
exhibition. It is important to realise that this aspect of cultural heritage 
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information may be dependent on historical context and hence be transient and 
ephemeral.  
3.2.4 Semiotic analysis applied to material culture 
In support of this semiotic interpretation of museum objects, we can point 
to the explanatory power of the theory: 
• Semiotics provides us with an account of the mechanisms that result in 
objects being selected for preservation and exhibition, and then later 
relegated to the storerooms.  
• It accounts for the fact that objects that are physically similar may not 
possess the same cultural significance. 
• It explains why objects, taken out of context, may be 
incomprehensible. A lack of familiarity with the codes needed for their 
interpretation render the signs inoperative. 
• It explains why education is needed for the appreciation of exhibitions, 
since the exhibition itself employs meta-level semiotic codes. 
3.2.5 Conclusion 
The cultural heritage information that can be associated with a given 
object consists of the description and analysis of its functions as a support for 
cultural signs. This requires documenting and often reconstructing the multiple 
semiotic functions of the object in its roles as symbol, icon and index. In each 
case all elements of the sign need to be present:  
signifier: those features of the object by virtue of which it constitutes a sign,  
signified: the idea or thing that it represents,  
significance: the mechanism which correlates the signifier and the signified. 
If any of these elements is missing, the sign is broken and becomes 
uninterpretable. 
• Since many objects are polysemic we need to record all their sign 
functions. 
• Semiotic codes are also historic and subject to change. It may be 
necessary to reconstruct much of the original historical context of an 
object in order for its semiotic function to be restored. 
• Index functions are based on inference. Alternative inferences may be 




At the outset we defined the scope of our research project as being limited, 
for practical reasons, to the integration of cultural heritage information from the 
perspective of museums. We can now redefine this scope more precisely as being 
the integration of information needed to describe the material traces of cultures. 
 
• Culture is defined as “collective intellectual property”. 
• The material trace of a culture is defined as the physical objects and 
features of those objects that are of cultural significance. 
• The cultural significance of an object results from its semiotic function 
as signifier within a sign. 
Cultural heritage information therefore consists of three elements, which 
allow the semiotic functions of an object to be preserved and, if needed, 
reconstructed. These elements record those aspects of the material object that are 
relevant to its functioning as a sign: the cultural elements it signifies, and the 




4 The current state of integration 
Although the number of museums currently offering some form of 
information via the Web is impressive, the quality of the information is often 
disappointing. Few museum websites provide anything other than the most basic 
information concerning the institution and very little concerning their collections. 
However, the potential is enormous. The following list enumerates some services 
that are commonly offered, though few museum websites implement more than a 
small subset of this list. The list is ordered by the frequency with which each 
feature is found from a sample of 135 museum websites proposed for the “Best of 
the Web” competition, organised by the Museums and the Web conference in 
2000 [MW2000]24: 
 
General information about the institution. Opening hours, address, 
character of the collections, objectives, contact details for staff 
members, etc. 
120
Contact details for Webmaster 112
Information about current and forthcoming events and exhibitions 104
Sample list of collection highlights with thumbnail images and brief 
notice 
98
Commercial presentation of products for sale such as posters, 
postcards, souvenirs and books 
72
Access via simplified database query interface to catalogue database 58
Virtual exhibitions, either imaginary or based on actual exhibitions, 
presented according to a traditional sequence of rooms based on the 
museum’s floor plan 
57
Statistical information concerning number of visitors to the site 56
References to other institutions, resources and collections 41
Pedagogical games and tools aimed at teachers and students 39
Information in more than one language 25
Scientific information aimed at researchers and specialists such as 
collection statistics, academic articles and publication lists 
12
Interactive forum or visitors’ book where visitors may ask questions 
and leave comments 
7
Tab. 1 – Common services offered by museum websites 
Evaluation of the websites for the Best of the Web competition, carried out 
as a peer review process, also revealed the following common shortcomings: 
• Information was often superficial. 
• Information was out of date. 
                                                 
24 These statistics reflect the situation at the time of the competition. Many of the websites 
surveyed no longer exist, while others have since been modified.  
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• Hyperlinks were often broken. 
• Presentation was destructured and lacking in context. 
• Catalogue descriptions were telegraphic, codified and difficult to 
understand. 
• Local search engines frequently returned empty result sets. 
• Information was divided into apparently illogical and arbitrary 
categories corresponding to the institutions” internal organisation. 
These results suggest that the possibilities of the available technology are 
considerable, but that few museums currently invest much effort into making 
detailed information available about their collections. These conclusions are all 
the more serious in that the websites under review were all nominated as 
competition entries. Existing sites are, in fact, little more than electronic versions 
of typical tourist flyers and give only a superficial idea of the museum’s 
resources. Few museum websites exploit existing information systems or attempt 
to integrate the data they contain with those from other institutions.  
4.1 The Louvre website 
The Louvre Museum in Paris is one of the most prestigious in the world, 
and has considerable resources at its disposal for promotion and communication. 
It is instructive to examine the Louvre website25 in detail as it may be considered 
as typical of the best that is currently on offer. Our evaluation is oriented 
specifically in terms of the cultural heritage information offered by the site and 
the level of integration that is achieved, rather than aesthetic, ergonomic or 
technical considerations. 
 
Fig. 6 – Louvre home page 
                                                 
25 http://www.louvre.fr 
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The Louvre home page offers a number of possibilities, covering most of 
the points cited in the preceding table. Those which are of specific interest are Les 
collections (the collections), which is divided into Œuvres choisies (selected 
works), Atlas, and the list of Publications et bases de données (publications and 
databases). 
4.1.1 Selected works 
The Louvre describes the museum’s collections as encyclopaedic. They 
incorporate works dating from antiquity up to the first half of the 19th century. 
Highlights from the collections are presented under the title Œuvres choisies 
(selected works) which is organised in accordance with the Louvre’s departmental 
structure: 
• Antiquités orientales et arts d’Islam. 
• Antiquités égyptiennes. 
• Antiquités grecques, étrusques et romaines. 
• Objets d’art. 
• Sculptures. 
• Peintures. 
• Arts graphiques. 
• Histoire du Louvre et Louvre médiéval. 
The Louvre departments correspond to geographical regions, historical 
periods and object categories. These categories overlap so that it may be unclear 
to the neophyte in which category an object may be found. A Babylonian statue, 
for example, would be found in the collection of Oriental Antiquities and Islamic 
art rather than falling under the heading Sculpture. An early Roman Christian 
ivory sculpture of the 5th century is considered as an Objet d’art rather than a 
Roman antiquity. The organisation of the collections is more a reflection of the 
Louvre’s internal history than an intuitive system of classification. It does not 
necessarily correspond to the way in which potential users wish to view the 
collections. A page of commentary is available for each department explaining its 
scope and history, organisation and location within the museum. This contextual 
information alleviates to some extent the confusion that might otherwise result. 
Within each category, a selection of works is presented, grouped by 
historical period or geography. Each object is represented by a thumbnail image 
and a brief text, such as is usually found on a gallery label, giving the attribution, 
the title, the date of creation, the technique, the dimensions, the source of 
acquisition and the inventory number, though this presentation does not appear to 
be entirely systematic.  
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Fig. 7 – Works of the Italian school, Louvre 
Each thumbnail image can be enlarged, which gives access to a more 
detailed description of the work. This information is available in French, English, 
Spanish and Japanese. 
 
Fig. 8 – Detailed record for Pierrot by Watteau 
This presentation is vastly superior to many other museum websites, where 
no explanatory text of any sort is provided and users are expected to appreciate 
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works simply on the basis of a succinct label. The images, though not large, are of 
a relatively high quality; the text is well written and provides a useful commentary 
on the object being presented. However, many of the texts include references to 
places, people, events and concepts with which readers may be unfamiliar. The 
text accompanying the painting Gilles by Watteau, for example, assumes that the 
reader has at least a passing familiarity with the traditional characters of the 
commedia dell’arte. This may not be the case even for a European public. 
Hypertext links could be incorporated, without disrupting the basic text, to give 
access to additional background material.26 
A common access and integration problem arises from the technical 
architecture of this part of the Louvre website. The explanatory text and images, 
which form part of the description of each work, are stored as separate files. They 
are placed into the appropriate position using a series of “frames”. Automatic 
search engines such as Google and Altavista index each part of a framed page 
separately so that a search for, say, “Jean-Antoine Watteau, Gilles” will retrieve 
the text in question; however, the text is displayed on its own, out of context, with 
no image and with no visible reference to the Louvre website. Similarly, the 
image can also be retrieved independently with no mention of context or 
copyright. 
4.1.2 Atlas  
The Louvre website also gives access to “Atlas”, a database of works 
currently displayed in the galleries. The primary purpose of Atlas is to enable 
prospective visitors to consult and to localise works within the galleries. This 
database offers both a single-field query interface, similar to an internet search 
engine, where users can enter a series of keywords, and an “advanced” interface 
which offers Category, Author, Title, Material and technique, Inventory number 
and Department. Curiously, no chronological or geographical search criteria are 
proposed. The database interface and the content of the database appear to be 
available in French only. At the time of writing Atlas contains 20852 records, 
which represents around 80% of the works on display. The database was due to be 
completed by the end of the year 2003. Data for the Atlas database are provided 
by the departmental curators, but are not used by the departments themselves. 
Each department uses its own separate database for collections management. 
Extractions from some of these databases can be consulted onsite but are not 
available via Internet. The relationship, if any, between the departmental 
databases and Atlas is unclear. 
The expert interface allows fairly complex queries to be constructed with 
multiple criteria. The Boolean “AND” operator is implicit between fields and 
“OR” between values in the same field. A Boolean “OR” between fields does not 
appear to be possible, neither does a Boolean “NOT”. The interface requires a 
slightly idiosyncratic validation step for each criterion before the query can be 
executed. This shows intermediate results for each element of the query. It has the 
                                                 
26 This technique is used to good effect by the Agence photographique de la réunion des musées 
des Musées Nationaux, http://www.photo.rmn.fr/fr/index.html. Hyperlinks on keywords in the 
descriptive text give access to images of the same genre. 
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slightly irritating effect of automatically splitting composite terms into individual 
words. Entering “David, Jacques-Louis” in the author field, for example, results in 
the criterion Auteur = David OU Jacques OU Louis. It is, though, possible to 
select the complete name from a list of authors. 
The presentation of detail records is similar but different from that offered 
by selected works. The text, measurements and image are all different – Atlas 
texts tend to be far more succinct – indicating that these data do not come from 
the same source. As with the selected works, texts do not propose any hypertext 
links to background information. 
 
Fig. 9 – Notice for Turner’s Landscape with a river from Atlas27 
 
Fig. 10 – Notice for Turner’s Landscape with a river from Selected Works 
The information in Atlas is again influenced by the Louvre’s 
“departmental” logic. It is difficult, for example, to obtain a complete list of 
sculptures from all departments. Selecting “sculpture” as a technique returns only 
five objects – a series of chairs where the term sculpture is used to indicate a 
technique of woodcarving. 
                                                 
27 The statement that this is the only work by Turner in France is inaccurate. A watercolour of St 
Paul’s Chapel in Westminster Cathedral also forms part of the Louvre’s collection of drawings. 
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In order to execute successful searches, users need to be aware both of the 
terminology used by the Louvre to describe the objects in its collections as well as 
the contents of the database. The Catégorie, Département and Auteur fields are 
each associated with lists of legal values, but this is not the case for the other 
fields, so the user is obliged to make an educated guess. This can lead to 
surprising results. The term “huile sur toile”, for example, is commonly used to 
indicate the technique of oil painting. A search using this term in the “Matière et 
Technique” field returns just eight objects while “aquarelle” (watercolour) returns 
only one. This is not because the Louvre has few oil or watercolour paintings on 
display, nor because the Louvre uses different terminology, but because the data 
appear to be missing in the database. 
The list of available “catégories” is also rather idiosyncratic, containing 
production techniques and materials such as “estampes” (prints), “vitraux” 
(stained glass) and “textiles”, together with functional categories such as 
“instruments de chauffage ou d’éclairage” (heating and lighting) and “armes” 
(weapons) along with some rather abstract concepts such as “instruments divers” 
and “arts du livre”. Traditional artistic categories such as portraiture and 
landscape are absent as well as stylistic categories such as Baroque, Neo-classical 
and Romantic. 
The Atlas database is resolutely object-centric. It is not possible, for 
example, to formulate queries concerning people, events, places or other concepts. 
The range of relationships that are recognised for collection items is also limited. 
As noted earlier, there is no chronological search field, nor any criterion relating 
to geography or subject matter. This makes it difficult to find, say, Italian 
renaissance paintings, or 17th century Dutch landscapes. 
While the breadth of coverage offered by Atlas is, within its own terms of 
reference, nearly complete, the depth and richness of the information remain for 
the most part superficial. Gaps in the classification terminology and the database 
indicate that the data provided by different departments are not entirely consistent 
and lack homogeneity. We may also note the complete absence of any references 
to works other than those in the Louvre collections, even in cases where a 
comparison would be of interest to the visitor. Given the encyclopaedic ambitions 
of the Louvre collections, the results leave much to be desired. 
4.1.3 Evaluation 
In view of the foregoing, it would seem that much of the content of the 
Louvre website is maintained manually while other elements are generated from a 
database. There appears to be no interaction between these two sources. The 
presentation and structure of the information are closely modelled on the existing 
departmental categories used by the Louvre, the logic of which may not be 
immediately apparent to someone unfamiliar with the institution. Significant 
resources have clearly been invested in creating the documentation and in making 
it available online; however, little attempt has been made to ensure that the 
structure and presentation of the information correspond to users’ needs. 
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As we have already noted, the Louvre is a prestigious institution with 
considerable resources at its disposal. The Louvre website, for all its 
shortcomings, is one of the best available. Websites produced by other institutions 
elsewhere have similar failings. Clearly, the origin of these problems is not simply 
a lack of resources. Rather, it would appear that the methods and techniques being 
employed are at fault. 
4.2 Joconde 
The Louvre website also provides a link to the Joconde database28, which 
falls under the responsibility of the Direction des museés de France. While the 
Atlas database is focused exclusively on the Louvre’s collections, Joconde is a 
collective database covering works from over 80 museums throughout France (out 
of an estimated total of 1,400 museums). Three of the Louvre’s seven departments 
are represented in Joconde: prints, paintings and sculptures. Joconde has been 
accessible via the Web since 1995 and by Minitel since 1992. As such, it 
represents one of the first databases of cultural heritage information to have 
become publicly available online. Today, Joconde contains around 136,000 
records and 23,000 images, covering drawings, prints, objects, paintings, 
photography and sculpture from the 7th century to the present day. 45,000 records 
concerning people and places can also be consulted. 
Joconde has a long history. The database was originally purely textual and 
was not available online. Comparing the current state with that described in 1987 
[LEROY 1987], it becomes clear that although the number of notices has greatly 
increased (Joconde contained around 55,000 records at this period), the 
underlying conception of the database remains much the same. At this date, the 
Ministry of Culture was confronted by problems of integration due to the 
proliferation of incompatible databases. Steps were being taken to normalise 
structure and terminology in order to facilitate the exchange of information 
between local databases and the collective catalogue known as Mistral: 
Conscient de ce risque de « babelisation », le ministère a mis au point une fiche 
« minimum » recensant une quinzaine de rubriques à retenir pour toute application 
informatique ayant comme unité d’analyse un élément du patrimoine… Cette 
méthode de travail facilitera le dialogue entre les bases locales (souvent établies sur 
micro) et les bases nationales (sur gros systèmes) et permettra, soit de récupérer des 
fichiers établis sur micro. [LEROY 1987] 
The structure of Joconde closely follows the recommendations made by 
the Ministry of Culture. Today, Joconde is the most important element in a 
collective catalogue of French museum collections.29 Although Joconde is 
undoubtedly a technical and organisational success, it nevertheless highlights the 
many difficulties of adapting and publishing legacy data on the Web. 




4.2.1 Assisted access 
Joconde offers assistance to inexperienced users in the form of guided 
searches and visits. These are based on pre-programmed queries which can be run 
by clicking on hyperlinks. Results are presented in the form of a list of records. 
These assisted queries are organised according to a variety of themes: types of 
collections, recent acquisitions, artistic school, mythology, period, etc. 
 
Fig. 11 – Joconde database assisted search 
The result is similar in some ways to that achieved by the Louvre Selected 
works interface. However, the Joconde assisted search has the advantage of 
avoiding the need for separate sources of data. New records and modifications to 
the Joconde database are immediately visible in the search results. 
4.2.2 Advanced search interface 
An advanced query interface is also available which functions as a 
conventional query by example (QBE) form. Unlike the Louvre Atlas query 
interface, all the query fields are associated with a “dictionary” of possible 
values30, and there is no intermediate validation step. The user has no control over 
Boolean operators. A Boolean “AND” appears to be implicit between fields. It 
does not appear to be possible to enter multiple terms into a single field. 
                                                 
30 This represents a vast improvement over previous incarnations of Joconde which offered no 
terminological assistance to the user. 
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Fig. 12 – Joconde advanced search form 
The interface offers six “fixed” fields: author, object type, title, subject, 
current location and domain, as well as two “open” fields which can be set to any 
of the other remaining data elements. 
Consultation of the dictionaries reveals a certain lack of homogeneity. 
Certain concepts have multiple variants: “STYLE ART DECO” and “ART 
DECO” can both be found in the Epoque / Style dictionary. The Louvre 
department of painting can be found in the Lieu conservation dictionary under 
“MUSEE DU LOUVRE PEINTURES” as well as simply “LOUVRE 
PEINTURES”. Searches using variant terminology give different results.  
The application of this terminology is also inconsistent. Many paintings 
from the Louvre are placed directly under “Musée du Louvre”, rather than in the 
paintings department as one might expect. Other problems with content are empty 
fields and data values that appear to be misplaced. “CHOCOLAT”, 
“AVANT1937” and “PAPIER CARTON” can all be found in the Lieu de 
conservation dictionary. Another curious aspect of the dictionaries is the presence 
of many terms which are both erroneous and which do not appear to figure in any 
documents. One can only guess that these problems are due to the methods used 
to compile the dictionaries. The variable quality of the data in the database, 
combined with the implacable elimination operated by the Boolean “AND” 
between fields, means that multiple criteria searches often fail to return any 
records. The user is given little assistance in working out which criteria are 
responsible.31 
4.2.3 Presentation of results 
Query results are presented as a list, with a brief notice. This can be 
enlarged to a complete notice. As can be seen, the presentation, while detailed, is 
heavily influenced by the underlying structure of the database. Highlighting and 
                                                 
31 Empty result sets are accompanied by the curious error message: “Aucun document ne répond à 
votre requête. C’est peut-être normal, mais il est possible que cela provienne d’une erreur.” 
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colour are used to improve the readability of data but the overall impression is 
fragmented and cryptic, especially when compared to the results obtained from 
the Louvre database. 
 
Fig. 13 – Joconde notice for Turner’s Paysage avec une rivière 
Discrepancies with the information provided by the Louvre websites (date, 
dimensions and image) confirm that all three are based on separate sources.  
4.2.4 Catalogue national des collections 
Although Joconde can still be consulted directly, it can also be used in 
conjunction with two other databases as part of the Catalogue des collections des 
musées de France: the base nationale d’archéologie and the base nationale 
d’ethnologie. Joconde is by far the most important element in this collective 
catalogue. Between them, the other two databases represent no more than 34,000 
records. The user interface and the presentation of results are basically the same as 
those used for Joconde, although somewhat simplified. Only those data fields that 
are present in all three databases can be used for queries: Auteur(s), 
Dénomination, Titre, Représentation, Période, Ville ou musée and Domaine. 
Detailed responses are supplied in the format native to each database, however. 
This has the unfortunate consequence of removing access to geographical search 
criteria. The archaeological database deals with place of discovery, whereas 
Joconde uses place of creation. The combination of the three databases has thus 
been achieved at the cost of semantic depth. 
4.2.5 Evaluation 
The Joconde database is intended to cover a broad spectrum of institutions. 
It remains even today one of the few collective catalogues to offer such detailed 
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collection-level information. Placed in relation to the number of museums in 
France and the number of objects in each institution, the level of coverage remains 
poor. 
In terms of semantic depth, Joconde is restricted by the original flat-file 
conception of the recommendations for cultural heritage information established 
by the French Ministry of Culture. These standards are entirely object-centric; no 
provision is made for the description of places, people, events and other entities 
other than in direct relation to individual objects. This is perhaps the result of 
formulating standards prematurely; the Ministry of Culture descriptive systems 
are all heavily influenced by the technical restrictions imposed by the software 
available at the time they were written. 
The quality of the data recorded in Joconde varies considerably. The 
provision of authority files and dictionaries of legal values does not appear to 
have succeeded in avoiding variations in terminology and misuse. 
The quality of presentation possible with Joconde is also limited. This is 
due in part to the highly structured nature of the Joconde data schema, but also to 
the use of special syntax and abbreviations, which fragments the information and 
renders it difficult to interpret. There is no place for textual narrative as used by 
the Louvre for the presentation of its collections. 
In summary, it would appear that there are unresolved tensions inherent in 
the approach adopted for Joconde and the collective catalogue of collections, 
between semantic depth, coverage and data quality. It is not an approach that can 
be readily extended beyond its current scope of application. 
4.2.6 Joconde in context 
France has been compiling databases of cultural heritage information for 
the last thirty years. This production has been organised and co-ordinated to a 
large extent by the Ministry of Culture. The professed aim of these databases is to 
ensure a high quality of documentation concerning France’s cultural heritage and 
to make this information available to researchers and members of the public. 
Interoperability, homogeneity and the exchange of information both between 
institutions and at an international level are regularly cited as priorities. 
[DALBERA 2001] 
The Ministry of Culture website provides access to all the databases for 
which the Ministry is in some way responsible and which are currently available 
online32 – 67 in all, covering libraries, archives, documentation centres, museums, 
photographic collections, mediatheques, historic sites and monuments, 
archaeology and ethnography. (Notable by their absence are collections related to 
natural history and the sciences.) The Ministry has also compiled a Catalogue des 
fonds culturels numérises, a list of cultural heritage databases that includes 
                                                 
32 http://www.culture.gouv.fr/culture/bdd/index.html 
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sources which are not currently available online.33 This currently encompasses 
594 separate sources from 284 institutions. 
The fact that this plethora of databases exists and that online access is 
available to many of them is proof of the enormous effort that has been invested 
in the creation of electronic resources over the years. However, the sheer number 
and diversity of information sources are such that integration and consolidation 
have become difficult. As we have seen with Joconde and the Louvre, many of the 
databases cover similar or overlapping domains and contain redundant 
information. The number of records present in each resource remains relatively 
small, on average in the region of 50,000 records. And while some of the 
databases resemble Joconde in their approach, many are radically different. These 
variations have resulted in a high-level of fragmentation and a lack of 
homogeneity, obliging users to adapt to the particularities of each system. Finally, 
we note that the content of these databases is, for the most part, exclusively 
monolingual. 
Despite the fact that museums in France have a legal obligation to produce 
normalised databases, and receive funding for doing so, it would appear that the 
French Ministry of Culture’s approach to integration, based on centralised control 
of documentation standards, has not as yet been entirely successful in ensuring 
uniformity and interoperability. 
4.3 The situation in Europe 
By comparison with other European countries, the quality and integration 
of cultural heritage information available online in France is relatively high. 
Attempts to create a coordinated database of cultural heritage in Switzerland, the 
Banque de données des biens culturels Suisses, were abandoned in 1997. [MEILI 
1997] The history of this ill-fated project is examined in detail by Anne Claudel. 
[CLAUDEL 1996] Little has been attempted at a national level since then, though 
some limited information about museum collections is available online from 
individual institutions, and the Association des Musées Suisses (AMS) maintains a 
database of museums in Switzerland,34 available in French, German and Italian.  
The United Kingdom has no national resource comparable to Joconde 
giving access to items in museums, and has only very recently made a start on 
Cornucopia, a collective database of existing museum collections available 
online. The results compare poorly with the resources available in France. Again, 
individual institutions provide access to some information about their own 
collections. The quality and presentation is broadly comparable to that provided 
by the Louvre. 





Cornucopia35 is developed by Resource: The council for museums 
archives and libraries,36 a government-funded agency launched in April 2000 
which replaces the Museums and Galleries Commission (MGC) and the Library 
and Information Commission (LIC), and which now includes archives within its 
portfolio. Cornucopia, which began life as a prototype in 1998, is intended to 
provide “a complete picture of the wealth of UK museum collections through a 
comprehensive database” and is now in the final stages of development. 
Although Resource is responsible for libraries and archives as well as 
museums, Cornucopia only contains information relating to museum collections. 
The content of the database is derived primarily from existing sources: an existing 
in-house database Digest of Museum Statistics (DOMUS), compiled by the MGC, 
and mapping projects from the West Midlands and South West Area Museum 
Councils. The content of the MGC database was apparently based on surveys and 
grant requests submitted by museums and so may not give an entirely objective 
description of each institution’s holdings and potential. Together, these sources 
cover some 2,250 institutions, though detailed information is available for only 
two regions. It is interesting to note that problems in combining these resources 
arose because “subject terminologies had been applied slightly differently in each 
region…” [CORNUCOPIA 2002], underlining the difficulty of enforcing 
semantic homogeneity through controlled terminology. 
The Cornucopia technical specifications37 indicate that support for foreign 
character sets is a requirement. However, there is no indication that the content of 
the database will be available in any language other than English and no 
mechanisms have been foreseen which would make multi-lingual data possible. 
The technical specifications contain a “schema” of the Cornucopia 
database. This takes the form of a sequential list of character data fields with 
repeatable values where field values are controlled by a series of authority lists: a 
technical solution based on a pre-relational data model not unlike that used by the 
French Ministry of Culture specifications, developed some twenty years earlier. 
No attempt has been made to identify the underlying entities and semantics of the 
information, nor to explain the requirements that have led to this structure. The 
specifications were implemented by a contractor working with a proprietary 
database that produces codes incompatible with standard editing tools.38 
The Cornucopia search interface uses a single-field, Internet search engine 
approach. No assistance is given to the user attempting to imagine what 
terminology and syntax to use. The query engine nonetheless requires a close 
match before records are returned. Searches for “Bath, Museum of Costume”, and 
“Costume museum, Bath” for example, find no matching entries. The required 




38 “The only drawback with the use of Index+ is that Index+ tags are not recognised by 
WYSIWYG HTML editors and all coding has to be done by hand using a text-editor” 
[CORNUCOPIA 2002] 
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formulation is “Museum of Costume, Bath”. An “Advanced Search” option 
appears to be broken at the time of writing. 
4.3.2 European Museums Information Institute 
The European Museums Information Institute (EMII)39 aims to establish 
and reinforce long-term partnerships among museums and other European cultural 
institutions, to promote a European focus for international initiatives and to 
facilitate online access to the cultural heritage of Europe. It receives support from 
organisations in ten European member states:  
 
Belgium Royal Museum of Fine Arts  
Denmark National Cultural Heritage Agency  
Finland National Board of Antiquities  
France The Direction of French Museums  
Germany Institute for Museum Studies  
Greece Hellenic Ministry of Culture  
Iceland National Museum of Iceland  
Portugal  Portuguese Institute of Museums  
Sweden  Swedish National Council for Cultural Affairs  
United Kingdom  MDA (Europe)  
EMII conducted a survey of standards in 1999 and 2000, the results of 
which – a European Standards map – give some idea of the diversity of standards 
and norms used in museums throughout Europe.40 (The categories of standards 
used in the survey were those identified by the final report of the European 
Commission Memorandum of Understanding working group on Standards and 
Protocols for Interoperability of Systems.)  
The survey confirms that, despite political rhetoric indicating the contrary, 
little concrete progress has been made towards interoperability and the integration 
of cultural heritage information at the European level. Each country uses its own 
documentation standards; some have several. Many museums have no 
computerised inventory of their collections at all. Of those that do, many have 
invented their own approach to documentation or have used existing standards 
mainly as a source of inspiration – to be adapted and modified. There is little or 
no successful co-operation at an international level going beyond the stage of pilot 
projects and the compilation of lists of existing resources.  
The situation may have changed somewhat since the EMII survey. No new 
data appear to have been added since July 2000, and the promised online 
Standards Map database has failed to materialise. 




4.4 National projects 
Several national projects are significant. The Canadian Heritage 
Information Network (CHIN) was the first network to be established for 
museums, followed by the Marburger Archiv in Germany which developed the 
Marburger Informations-Dokumentations und Administrations- System (MIDAS). 
Other national networks include the Scottish Cultural Resources Access Network 
(SCRAN) and the Australian Cultural Network.  
In the United States, no national database of cultural heritage exists. The 
Getty Trust’s Getty Information Institute (GII) produced a number of tools such as 
the Art and Architecture Thesaurus (AAT), a Thesaurus of Geographic Names 
(TGN) and a Union List of Author Names (ULAN) intended to facilitate 
normalisation of terminology. These are no longer maintained since the closure of 
the GII. Archives and Museum Informatics, a Pittsburgh-based company, was 
responsible for initiating the Art Museum Image Consortium (AMICO) which 
now has 39 members. 
4.5 International perspectives 
At the international level, digital museums are the subject of a G8 pilot 
project, Project 5: Multimedia Access to World Cultural Heritage. The United 
Nations Educational Scientific and Cultural Organisation (UNESCO) has also 
initiated several projects including a World Heritage Information Network, 
(WHIN) World Heritage Web (WHB), and Heritage Network (HEIRNET) as well 
as some more specialised projects.  
Other international institutions concerned with these issues include the 
International Council of Museums (ICOM) which is composed of 23 committees, 
of which the Comité International pour la Documentation (CIDOC) has a 
particular interest in information technology. The Consortium for Computer 
Interchange of Museum Information (CIMI) works on the practical application of 
standards for the exchange of museum information. Computer Heritage 
Information Online (CHIO) has developed an Exhibition Catalogue Document 
Type Description (CHIO DTD) and is working on a standards framework which 
includes SGML for Cultural Heritage Information.  
The European Commission has funded a number of projects including 
several aimed specifically at establishing exchange and integration in the field of 
cultural heritage. These include Remote Access to Museum Archives (RAMA), 
Multimedia European Network for High Quality Images Registration (MENHIR), 
the Network of Art Research Computer Image Systems in Europe (NARCISSE), 
AQUARELLE and MIDAS Net. Museums over States in Virtual Culture 
(MOSAIC) is part of the Trans European Networks Project (TEN).  
The European Commission also financed the development of a Visual Arts 
Network for the Exchange of Cultural Knowledge (VAN EYCK). Finally, we 
mention the fine-arts section of Microsoft’s commercial image library Corbis.  
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4.6 Conclusion 
Many individual institutions have made information about their collections 
available on the Web. However, this information tends to be limited both in scope 
and in semantic depth, even when provided by large organisations with adequate 
funding. The value of these information sources could be considerably enhanced 
through integration with complementary data from other sources. This potential is 
not as yet being exploited.  
Internationally, the number of databases containing cultural heritage 
information is enormous. While these databases cover the same general areas of 
cultural heritage information, there is little conformity of structure or technical 
compatibility. Many national and international organisations have proposed 
standards for cultural heritage documentation, but these have, to a large extent, 
either been ignored or adapted in ways that defeat the initial purpose of ensuring 
interoperability. Even in countries such as France, where legal obligations and 
centralised authority help to ensure conformity and respect for standards, existing 
digital resources are nonetheless fragmented and incompatible. We may conclude 
that the attempt to arrive at interoperability and integration through the imposition 
of documentation standards is unlikely to succeed.  
A number of European and international organisations have invested 
energy in encouraging the creation of networks and the integration of cultural 
heritage information. However, these initiatives remain, for the most part, in the 
realm of political aspiration. Few projects have given rise to practical realisations. 
Those that have are seldom maintained after the initial pilot phase and have not 
given rise to sustainable developments. There is a striking disparity between the 
aims of national and international organisations concerned with cultural heritage 
and the products of individual institutions. While the former seek greater 
exchange, harmonisation and access to cultural heritage information, the latter do 
not in fact pursue these goals even to the extent allowed by current technology. 
This may be due in part to questions of intellectual property rights, but the desire 
to preserve the institution’s visual and corporate identity is probably also an 
important factor. 
We conclude that national and international attempts at integration are 
frustrated in part by technical difficulties but also, more seriously, by the absence 
of a realistic and coherent approach to the integration of heterogeneous material.  
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5 Approaches to integration 
Numerous approaches have been proposed as to how best to achieve 
integration, interoperability and the exchange of cultural heritage information. In 
this chapter we shall examine a number of significant proposals and projects, both 
theoretical and practical, that have received broad support and in which 
considerable effort and resources have been invested.  
5.1 Documentation standards: Data structure and 
terminology control 
A highly prevalent and pervasive assumption in the field of cultural 
heritage documentation is that integration can be achieved only through the 
normalisation of data structures and terminology: in other terms, the normalisation 
of both “form and content”. This view has a long history and predates the arrival 
of the Web. It underlies the creation within the Comité International pour la 
Documentation (CIDOC) of working groups devoted to data modelling and 
terminology; it is implicit in the French Ministry of Culture’s descriptive systems 
and it is prevalent in many proposals concerning integration. In this section we 
shall examine this approach in detail. We shall argue that the normalisation of 
form and content does not provide a workable and sustainable solution to the 
problems of integration of cultural heritage information. 
5.1.1 CIDOC data model and terminology working groups 
One of the earliest and most consistent attempts to define standards for 
data structures and terminology was developed by CIDOC.  
An important goal pursued by CIDOC in attempting to standardise data 
structures and terminology was to create the conditions necessary for the 
exchange of data. As Andrew Roberts, then president of CIDOC, argued in 1993: 
Standards are an essential basis for sharing information, helping an institution not 
only to contribute its information to outside institutions and initiatives, but to benefit 
as well by drawing upon collaborative resources such as structured vocabularies that 
ensure consistent input and retrieval. What good is it to create valuable resources if 
they cannot be easily used and shared? [GETTY 1993] 
CIDOC’s efforts resulted in the creation of two working groups: the 
Terminology working group and the Data modelling working group. 
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The primary sources for the development of the CIDOC data standard and 
related terminology standards were the Smithsonian data model and dictionary, 
originally developed as part of the Art Information Architecture project and later 
extended by the National Museum of American History to cover a broader range 
of collections.  
As described by the Smithsonian data content committee: 
The Smithsonian Data Model and Dictionary took on another life outside the 
institution. The International Committee for Documentation (CIDOC) of ICOM 
sought to create a data model to enable museums to exchange information…. 
After further analysis of the Smithsonian relational data model as a framework for 
reconciling international museum data, CIDOC has since adopted, modified and 
renamed the Smithsonian Data Model, the CIDOC Data Model. The CIDOC 
subcommittee has also split into two sections, data modelling and terminology, to 
address the structural and content aspects of the work. [GUERRA 1994] 
The data model working group published the CIDOC relational data 
model in 1994. [CIDOC 1994]41 The CIDOC data model was, in effect, “reverse-
engineered” from the existing Smithsonian application. This was published in the 
form of a listing of entities with associated attributes, along with a series of E-R 
diagrams of the main entities. A guide to the model was also published in 1995. 
[REED 1995]  
5.1.1.1 Description of the CIDOC data model 
The CIDOC data-modelling group recognised that the complex 
requirements of museum documentation could be better addressed using a 
relational approach than by using the traditional “flat-file” structures that tended 
to conflate museum objects with the activities and people that surrounded them: 
A relational data model defines what the data is rather than how it is used, because 
data is used in multiple applications to serve multiple functions. For example, data is 
collected about Object, not Object-on-loan or Object-being-photographed or Object-
acquired-from-donor. Loan, photograph, and acquire are functional contexts – the 
settings in which Object information is used. In relational technology, each 
automated function uses the same Object data. 
This is a sea change in thinking for many museum professionals responsible for the 
management of their collections. If data was automated in the past, it was stored in 
flat file structures where duplicating the data was the only way to automate multiple 
functions or activities. [REED 1995] p 6 
The model was intended to support a level of fine detail and granularity 
that would enable data elements to be separated into the “smallest discrete parts” 
so as to eliminate redundant data and, it was hoped, thereby enable data 
interchange across systems and disciplines. 
                                                 
41 It should be noted that the CIDOC community uses the terms data model and data schema as 
synonyms. In our terminology, the CIDOC Relation Model is a data schema. 
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No explicit limit was set to define the scope of the CIDOC data model so, 
implicitly, the goal was to cover the entire field of museum documentation 
including collections administration. As might be expected, given the complexity 
and variety of museum collections and activities, the model quickly became quite 
complex, and when published consisted of 430 entities and 530 relations. Of 
these, nineteen were considered as “primary” entities: ALPHABET, AWARD, 
CALENDAR, CLASSIFICATION, COLOR, CONCEPT, EVENT, 
LANGUAGE, MATERIAL, METHOD, OBJECT, OCCUPATION, OPUS, 
PEOPLE-GROUP, PEOPLE-PERSON, PLACE, ROLE, STYLE, and TIME-
SPAN. 
5.1.1.2 Results of the terminology working group 
By contrast, the terminology working group did not attempt to establish 
any new terminology standards. Terminology work is notoriously difficult, 
particularly in a multi-cultural context. The volume of potential work seems to 
have overwhelmed the capacities of a voluntary organisation such as the CIDOC 
working group. 
What has happened is that not only can all the terminology not be provided quickly 
enough, but that the types of terminology needed vary from country to country and 
from museum to museum. The great surge of activity in system building and system 
accessibility has overwhelmed our ability to deliver all the terminologies. 
[PETERSON 1996] p 12 
Consequently, the terminology group focused its efforts on the 
identification of lists of existing thesaurus relating to particular categories of 
information. This resulted in the publication of a directory of thesaurus for object 
names, which listed 42 standards from 12 countries. [CIDOC 1994b] These 
thesaurus contain lists of categories or types of objects – the names of classes of 
objects rather than proper names. A comparison of the terms contained in these 
thesaurus reveals some striking incompatibilities of vocabulary, level of detail and 
structure. 
Additional references that were identified for use in conjunction with the 
CIDOC data model were ICONCLASS,42 a thesaurus for the classification of 
iconographic representation, and work carried out by the Getty Information 
Institute (GII) in developing the Art and Architecture Thesaurus (AAT),43 Union 
List of Artist Names (ULAN)44 and Thesaurus of Geographic Names (TGN),45 all 
of which are available online. 






5.1.2 Shortcomings of the approach 
5.1.2.1  Theoretical concerns 
This approach to normalisation is based on an underlying assumption that 
a clear distinction can be made between form and content, i.e. between data 
structures and terminology, and that an implicit consensus exists as to where the 
limit lies. Those working on the project failed to appreciate the flexibility of the 
borderline between structure and data, with the consequence that the need for 
continuous co-ordination was neglected.  
An example of this problem is particularly apparent in the use of roles in 
the CIDOC data model. The number of possible relationships between a museum 
object and an actor is considerable: creator, owner, donor, subject, discoverer, 
restorer, to name just a few. In order to avoid the multiplication of relational links 
between actor and object that conventional E-R modelling would require, an 
intersection entity was introduced which used a role attribute to indicate the 
nature of the relationship (an approach that prefigured the use of a type hierarchy 
in the CRM). Though not applied consistently – multiple relations still existed 
between person and object – this approach effectively simplified the CIDOC 
relational model. However, this simplification was achieved by transforming 
structural elements into terminology. A coherent approach would have demanded 
that the terminology group then be assigned the task of establishing the 
terminology needed for the description of all necessary actor roles. This was not 
done, the list of potential roles remained undefined and the two groups continued 
to work on separate paths. This approach eventually undermined the goal of 
enabling data exchange by introducing areas of incompatibility, due to under-
specified relations. Implementations making use of divergent authority lists for 
actor role would be unable to exchange data. Conversely, the terminology 
working groups recommended the use of terminology hierarchies that proved 
inconsistent with the structures present in the data model. The AAT thesaurus, for 
example, treats wrought iron and blown glass as materials, whereas the CIDOC 
data model requires the separation of basic materials and the techniques used to 
process them. 
5.1.2.2 Existing investment  
Regardless of theoretical concerns about the validity of the separation 
between form and content, the CIDOC data model was unlikely to provide a basis 
for integration since it failed to take into account an institution’s investment in 
existing systems and data. The effort to produce a data model was based on the 
assumption that institutions would be willing to either rebuild or replace their 
existing systems so as to render them CIDOC-compatible. Few, if any, were in 
fact willing to make this effort. Not surprisingly, only institutions embarking on 
the development of new systems expressed any interest in the CIDOC data model. 
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5.1.2.3 Limits of the data model 
The perceived complexity of the CIDOC data model was a severe 
handicap to its acceptance. A full printout of the model in graphical format was 
barely legible when scaled for A2 format paper. Even those responsible for the 
creation of the model had difficulty in understanding it completely. However, this 
was more than simply a psychological problem since the scope and coverage of 
the model was still inadequate; it was recognised that areas such as natural history 
and archaeology were not given sufficiently detailed support. Extending the 
model to incorporate these areas would have required numerous additional 
entities. The integration of these new entities with the existing model raised 
combinatorial problems with the number of relations that would be needed. The 
resulting level of complexity would have far exceeded the capacities of the 
working group. 
5.1.2.4 Limits of terminology work 
The terminology working group, as already noted, did not attempt to 
produce terminology standards specifically tailored for the CIDOC data model. 
Furthermore, the problems of complexity encountered by the data modelling 
group had their parallel in terminology work. An additional problem for 
terminology standards, compounding the level of complexity, is the need to 
integrate vocabulary from different languages. It is not enough, as with a data 
schema, merely to reach agreement on important concepts – terms have to be 
found in each language that capture these concepts to the satisfaction of native 
speakers. This, as the chair of the terminology working group realised, was a task 
that would require enormous resources to complete: 
It requires teams from each country to fully research their own terms, including 
providing short definitions of each term. The actual linking of terms between 
languages takes place in face-to-face meetings… Tremendous effort would be 
required were this work to be taken up on a global scale. [PETERSON 1996] p 13 
Quite apart from the scale of the task represented by the construction of 
internationally normalised terminology, it is debatable whether the task is in fact 
conceptually well-founded. The method Peterson describes assumes that a one-to-
one match can be established between terms in different languages. However, 
words used in one language seldom have exact equivalents in another. This may 
not be of importance in ordinary conversation, but becomes significant if used as 
the basis of integration and can lead to the retrieval of inappropriate datasets. For 
example, items differentiated in language A as falling into classes x and y may be 
impossible to differentiate in language B which recognises only one general class 
of objects, z. The extension of the class z may include items that fall into neither 
class x nor y. Establishing a simple correspondence between terms in these cases 
is impossible since the set of objects that fall into a particular category varies 
according to the language used. An example of this type of problem arises with 
the English term “gun”, which has no direct equivalent in French, a series of more 
specific terms such as “pistolet” and “canon” being needed. Conversely, the 
 58 
French term “arme à feu” does not have exactly the same extension as the English 
equivalent “firearm”. 
An extreme example of categories unfamiliar to most Europeans is 
provided by the Dyirbal aboriginal language of Australia [BARSALOU 1983], 
which has the following “genders” or noun classifiers: 
 
Bayi Men, kangaroos, possums, bats, most snakes, most fish, some birds, 
insects, the moon, some spears. 
 
Balan Women, bandicoots, platypus, echidna, some snakes, some fish, most 
birds, water, fire or the sun, the hairy mary grub, some spears. 
 
Balam Edible fruit and plants, cigarettes, wine, cake. 
 
Bala Parts of the body, meat, bees, wind, most trees, grass, mud, stones, 
some spears, all others. 
Tab. 2 – Dyirbal genders  
At an international level, incompatibilities between classification systems 
make it highly unlikely that satisfactory multilingual thesaurus for CHI will ever 
be established on the basis of one-to-one equivalence between terms in different 
languages. It is perhaps significant that the Getty Trust dissolved the Getty 
Information Institute in 1999 and that further development of the three reference 
thesaurus (AAT, TGN and ULAN) was abandoned. [FINK 1999] 
5.2 The CIDOC guidelines for museum object information 
Another document, also produced by the CIDOC data and terminology 
working groups at this time, is the International Guidelines for Museum Object 
Information: The CIDOC Information Categories, published in 1995. [CIDOC 
1995]  
Although the individuals responsible for formulating this document were 
drawn from the same working groups, the result is not entirely consistent with 
parallel work being carried out on the CIDOC data model.  
Again, one of the stated roles of the Guidelines was to facilitate the 
exchange of information “as a basis for sharing information within a museum and 
among museums”. [CIDOC 1995] p 2 The scope was intended to be broad:  
The Guidelines are designed to support the needs of all disciplines represented in 
museums, including archaeology, cultural history, art, science and technology and 
natural science. [CIDOC 1995] p 3  
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The Guidelines also shared the same “form and content” view of 
information: “Terminology control can be used to establish the appropriate words 
to use in an Information Category” [ibid. p4], and referred to the same set of 
thesaurus and authority lists. The Guidelines rely heavily on the notion of 
terminology control as a means of ensuring consistency. Each information 
category is seen as being associated with a thesaurus, authority file or similar 
mechanism. The Guidelines refer specifically to the AAT and ULAN as examples 
of well-developed sources for controlled terminology. However, the Guidelines 
diverge in significant respects from the structures defined by the CIDOC 
relational data model.  
The Guidelines can be seen in many ways as a reaction to the complexity 
of the CIDOC data model. This reaction resulted in a considerable effort to ensure 
that the Guidelines remained as simple as possible. To achieve this, the relational 
approach adopted by the CIDOC data model was abandoned and an entirely 
object-centric, “flat-file” perspective was adopted. Further simplification was 
achieved through a radical reduction in the semantic depth of the Guidelines, 
which were restricted to “essential” information. Significantly, a draft version of 
the Guidelines was produced under the title “Minimal information categories for 
Museum Objects” (MICMO). The result of this simplification is that the 
Guidelines describe only one entity – the museum object – using 74 categories of 
information. These categories are grouped into 22 information groups. A 
definition is given for each information category, along with syntax rules, 
examples and references to appropriate terminology. 
The way in which the authors of the Guidelines intended them to be used 
appears to have been somewhat ambiguous. One interpretation is that the 
information categories should be considered as a user-oriented specification for 
the individual elements of information that need to be recorded, but that the data 
structures used to do this would normally be different. In other words, the 
Guidelines should be considered as a high-level conceptualisation, which remains 
close to the original “métiers” of the cultural domain. However, the Guidelines 
seem to have been seen, at least potentially, as providing the basis for a technical 
system: 
The Guidelines are not… a data structure for use in a collections documentation 
system, although they can act as the basis for such a structure. [CIDOC 1995] p 3 
In accordance with this interpretation the individual categories of 
information might be regarded as database fields, all of which are presented as 
properties or attributes of an individual museum object.  
... the information categories [are] comparable to the spaces in recording forms or the 
fields in a computer system. [ibid.] p 2 
The status of the information groups requires clarification. These groups 
were not intended to represent structural groupings of information such as entities 
or tables, but to bring together information related by function or activity. The 
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“Acquisition Information” group, for example, contains three information 
categories: Acquisition method, Acquisition date and Acquisition source.  
5.2.1 Technical characteristics 
Considered as the basis of a technical solution for the exchange of 
information, the Guidelines can be characterised as an object-centric, flat-file, 
field / value model. 
All properties and attributes are considered as direct attributes of objects. 
Events, actors, places, etc. are not documented independently.  
Related entities are not documented in detail, only the names of these 
entities are used. Acquisition source, for example, is defined as “The name of the 
person or organization from whom the object was acquired”. [ibid.]  
The content of data fields is controlled by cataloguing rules (formatting), 
authority files and thesaurus (content) in order to achieve consistency. 
The simplifications operated by the Guidelines can be seen as contributing 
to the ease with which data can be exchanged by a) restricting the scope and 
complexity of information to a core of essential data, thereby facilitating 
consensus and standardisation, and b) by relaxing the semantic precision of the 
data specifications sufficiently to allow different interpretations. 
5.2.2 Evaluation 
Considered as a basis for information integration the Guidelines have a 
number of serious drawbacks. 
Information about related entities is poor and redundant. Since only the 
proper name can be recorded for most related entities, any additional information 
is lost. The documentation is impoverished by the lack of detailed related 
information. 
Furthermore, since names are often not unique to an individual, ambiguity 
may arise if several entities share the same name. Variation in the formulation of 
names would break the identity relationship between entities.  
References to existing thesaurus are given for some categories, but 
vocabulary control for most categories is not standardised. The proposal to 
develop local solutions would render data values incompatible. 
Logical grouping problems also arise due to the non-normalised use of 
repeating elements in data fields and the absence of any relational structures. 
Multiple dates and places of events are listed in separate fields, as are other 
repeating elements. No mechanism is provided which allows the relationship 
between repeated elements in different categories to be established. 
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The information contained in the Information Categories is extremely 
minimal. They do not allow even basic contextual information to be recorded 
adequately. 
The lack of coherence in the CIDOC approach was further underlined by 
the publication of other, similar documents by the Ethnography working group in 
199546, the Archaeological Sites working group in 199547 and the Africom 
standard, in 1996. These documents also contain “guidelines” for documentation 
but the recommendations they contain are significantly different. The relationship 
between these various documents cannot be formalised. 
We may conclude that documentation guidelines, while they may be useful 
in other ways, contribute little to the goal of exchange and integration of 
information since they lack the precision needed to achieve compatibility. 
Decisions as to which information categories are used, and the ways in which they 
are used, are left open to the implementers. Entirely incompatible representations 
are possible which nevertheless respect the guidelines. 
5.3 The Web as Panacea 
In the early days of the World Wide Web, it was sometimes argued that 
integration of cultural heritage information could be achieved simply by using the 
possibilities offered by the Internet, possibly in conjunction with automated 
search engines such as Google and Altavista. The basic idea underlying this 
suggestion was that Web pages could be used to document museum collections, 
HTML pages taking the place of database records. Each institution would be 
responsible for publishing information about its holdings. Taken as a whole, this 
information would constitute a collaborative database. Links could be created 
between individual pages, thereby allowing a network of cross-referencing to be 
established. This type of approach was described by Welsch as early as 1992. 
Hypermedia techniques offer the capability to allow rapid access to large quantities 
of information through the creation of explicit links that enhance access… They offer 
easy nonlinear access to integrated information …and provide unrestricted free 
access to information from many different perspectives. [Welsch 1992] 
At first view, the idea has a certain appeal. Since no one organisation 
controls the Internet, almost any institution can participate and publish 
information from its catalogues, and access is potentially international. The 
breadth and depth of coverage depend only on the effort invested by each 
institution. By the very nature of the Web, this effort is distributed, and can be 
naturally extended to encompass ever-increasing amounts of data. The problem of 
homogeneity presents an obvious difficulty, due to differences of language, 
terminology and presentation, but it was hoped that these difficulties could be 
overcome through the use of standards and multi-lingual thesaurus.  
                                                 
46 International Core Data Standards for Ethnology/Ethnography 
47 Draft International Core Data Standard for Archaeological Sites and Monuments 
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However, over time it became apparent that, on its own, the Web could not 
deal with all the complexities of museums” information needs, that searching and 
information retrieval were unreliable, and that the manual creation and 
maintenance of Web pages was not sustainable at the scale required to create a 
large-scale collaborative resource. This gave rise to two developments: a) the use 
of automated generation and publication of data directly from collections 
catalogue databases, such as we have seen with Joconde, and b) the advocacy of 
metadata incorporated into Web pages to assist indexing by search engines and 
thereby, it was hoped, improve the quality of information retrieval. These two 
tendencies are difficult to combine since information stored in databases tends to 
be invisible to automated search engines, thus rendering the incorporated 
metadata practically useless. Furthermore, automated search engines have not, as 
yet, taken up the opportunity of exploiting the incorporated metadata. 
The vision of the Web as a global database has nevertheless remained a 
catalyst for projects aimed at integration, while Internet protocols remain at the 
heart of many technical solutions. 
5.4 Dublin Core 
The “Dublin Metadata Core Element Set” originally sprang from a 
metadata workshop, which took place in Dublin, Ohio in March 1995. It was 
organised by the Online Computer Library Center (OCLC) and the National 
Center for Supercomputing Applications (NCSA). The workshop brought together 
52 researchers and professionals from libraries, computer science, text encoding 
and related areas. 
This mature standard represents two decades of thinking and debate within libraries 
and museums about how information retrieval can be carried out in a distributed 
environment, one where people in different places using different systems can 
exchange information at a deep and meaningful level. As museums and libraries 
throughout the world adopt this standard, cultural heritage information – including 
text, audio, and video – now held in “islands of information” will become uniformly 
available to anyone who has access to a computer terminal. [Sander 1997] 
The focus of the original Dublin workshop was to agree upon a core set of 
metadata elements to describe networked resources as a means to support 
resource discovery. “The goal was to define a core set of metadata elements that 
would allow authors and information providers to describe their work and to 
facilitate interoperability among resource discovery tools”. [WEIBEL 1995] This 
elements set came to be known as the “Dublin Core” (DC). As we shall see, this 
focus shifted significantly over time. 
The specific problems that the Dublin Core initiative wished to address 
derived from their perception of the Web as a resource in difficulty, overwhelmed 
by its own success, but which could be improved. While the publication and 
diffusion of multimedia data had been immeasurably simplified, information 
retrieval had becoming more and more difficult. Search engines such as Altavista 
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and Google provided a partial answer, but their indexing mechanisms lacked the 
semantic precision necessary for many applications, including the effective 
exploitation of CHI. Dublin Core therefore proposed to make life easier for 
indexing engines by including indexing information – metadata – in each resource 
published on the Web. 
5.4.1 Focus on DLOs 
The problem that DC was designed to address was the dilemma of 
cataloguing the vast volumes of electronic information that the Web was 
beginning to make available. Automatically generated indexes, it was argued, are 
unsatisfactory because they contain too little information; manual cataloguing on 
the other hand is too costly for the large number of documents available on the 
Internet. DC was intended to offer an acceptable compromise: a simple, structured 
record that would not be costly to create and maintain but which would 
nevertheless contain the essential information required for effective retrieval: 
If only a small amount of human effort were required to create the record, more 
objects could be described, especially if the author of the resource could be 
encouraged to create the description. And if the description followed an established 
standard, only the creation of the record would require human intervention, 
automated tools could discover the descriptions and collect them into searchable 
databases. [WEIBEL 1995] 
The type of Internet resources for which DC was originally developed 
were clearly defined as online electronic documents, so-called “document-like 
objects” or “DLOs”: these were essentially thought of as text or multimedia files 
such as images and sound. The Web was considered as something akin to a 
“digital extension of the academic research library”. Describing objects which are 
not available online was not a major concern in the original formulation of DC.  
The major task of the Metadata Workshop was to identify and define a simple set of 
elements for describing networked electronic resources. [WEIBEL 1995] (my italics) 
However, the possibility that DC might eventually be used “to describe 
resources such as ... objects in a museum” [ibid.]48 was envisaged from the outset. 
Subsequent versions of DC have indeed expanded the field of DC specifically to 
include the description of physical objects, as well as events, places and people. 
[GUENTHER 1999] A resource is now defined as “anything that has identity”. 
It was assumed that the metadata elements used to describe DLOs could be 
extended without problem to cover other types of objects. Extension mechanisms 
were foreseen to make this possible: 
It was believed that ... whatever solution could be proposed for DLOs could be 
                                                 
48 This was clearly a minor consideration. No other reference was made in the original workshop 
report to museums, and the museum community was not mentioned in the list of potential 
stakeholders who needed to be integrated into the development process. 
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extended to other kinds of resources. ...careful consideration was also given to 
mechanisms for extending the element set. [WEIBEL 1995] 
However, as we shall see, many of the design features and assumptions 
underlying the conception of DC, derived from its initial application to DLOs, 
place severe restrictions on its application to other types of objects – museum 
objects in particular. 
5.4.2 The DC element set 
The most directly important consequence of the focus on DLOs was the 
choice of elements for inclusion in the original DC element set. It was assumed 
that “the intellectual content of a DLO is primarily text” and that the metadata 
required for describing DLOs would “bear a strong resemblance to the metadata 
that describes traditional printed texts”. [WEIBEL 1995] The original list 
contained 13 elements: 
 
Subject The topic addressed by the work  
Title The name of the object  
Author The person(s) primarily responsible for the intellectual content of 
the object  
Publisher The agent or agency responsible for making the object available  
OtherAgent The person(s), such as editors and transcribers, who have made 
other significant intellectual contributions to the work  
Date The date of publication  
ObjectType The genre of the object, such as novel, poem, or dictionary  
Form The physical manifestation of the object, such as Postscript file or 
Windows executable file  
Identifier String or number used to uniquely identify [sic] the object  
Relation Relationship to other objects  
Source Objects, either print or electronic, from which this object is 
derived, if applicable  
Language Language of the intellectual content  
Coverage The spatial locations and temporal durations characteristic of the 
object  
Tab. 3 – List of Dublin Core data elements 
As one would expect, this list is clearly biased towards authored text. It 
assumes that the objects to be described are primarily linguistic, that they are the 
result of some author’s intellectual endeavour and that they are published. As 
such, this original element set was clearly inappropriate for museum collections. 
Many elements that would be needed to describe and retrieve fine arts objects are 
absent: place of creation, artistic school, materials, dimensions, etc., as are 
elements for describing natural history specimens: species, place of collection, 
phase, determination, etc. Furthermore, the majority of the data elements cannot 
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be applied to many types of physical objects: Subject, Title, Author, Publisher, 
OtherAgent, Date, Form, Source, and Language have no meaning in reference to 
natural history specimens, for example. All DC data elements are specified as 
optional, but omitting these inappropriate elements would leave only four data 
elements from the original list: ObjectType, Identifier, Relation, and Coverage, 
that can readily be applied to objects in museum collections. The limited 
descriptive potential of these four data elements, taken alone, would constitute a 
severe restriction on the potential of DC to provide adequate metadata for cultural 
heritage information and therefore to function as an aid to retrieval. 
The authors of the original element set recognised that extensive work 
would be required to extend DC to incorporate non-DLOs, and that multiple 
variants of DC might be required: 
Refinement and standardization of the metadata element set ... will be an ongoing, 
dynamic process involving many stakeholder communities. No single forum will 
suffice to air all concerns and no single standard can be expected to accommodate the 
needs of all communities. [WEIBEL 1995] 
One mechanism by which extensions were intended to take place was 
through the incorporation of new data elements. However, subsequent versions of 
DC do not depart significantly from the original model. Version 1.1 of the DC 
element set contains fifteen elements: Title, Creator, Subject, Description, 
Publisher, Contributor, Date, Type, Format, Identifier, Relation, Source, 
Language, Coverage and Rights.49 
Of these, four are renamed versions of previous elements (Author, 
OtherAgent, ObjectType, Form). Rights and Description are the only new 
elements. Version 1.1 contains more detailed and specific definitions of the data 
elements than previous versions and modified semantics for some fields. 
However, in other respects it is fundamentally unchanged. The DC element set 
remains focused, as at the outset, on the description of DLOs and language-based 
resources; extensions required for the description of museum objects and cultural 
heritage information did not taken place at this level. 
The current version of the basic DC element set is not expected to change 
significantly: 
The consolidation of this set can be thought of as marking the end of the element set 
development phase of the Dublin Core and the beginning of a deployment phase. 
While details of some of the elements remain to be elucidated, there is sufficient 
agreement to move forward. [WEIBEL 1997] 
Despite the obvious limitations inherent in the DC data element set, 
attempts have nonetheless been made to use it as a basis for the integration of CHI 
in a wide range of disciplines. The most ambitious of these is probably the 
                                                 
49 http://dublincore.org/documents/dces/ 
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Consortium for the Interchange of Museum Information (CIMI) Guide to Best 
Practice: Dublin Core. [CIMI 2000] 
5.4.3 “Metadata” and the DC fallacy 
One confusing result of the initial focus on electronic documents was the 
gradual extension of the term “metadata” to describe virtually all forms of 
descriptive schema. In the context of the original DC initiative, the term metadata 
was not inappropriate. The 1995 Metadata Workshop Report defines metadata as 
“data about data”, or “any information which purports to be about other 
information”. Online electronic documents can legitimately be considered as data 
objects. Surrogate records, such as DC records, which describe these documents 
therefore constitute metadata.  
The use of the term metadata becomes misleading, however, with the 
move to use DC for describing physical objects in museum collections. In these 
cases, the data contained in a DC record should normally be described as “data 
about an object” i.e. data, rather than metadata. It can be argued that museum 
objects may, in some sense, be considered as a form of “data”, though not in 
electronic form, since they provide us with evidence of cultures, practices, 
technology, artistic styles, etc. However, this attempt to justify the term metadata 
surely goes too far: any real-world object can be considered as “data” in this 
sense. Consequently all computer records, since they describe other objects, could 
be described as metadata: the term “data” would simply cease to have any 
application. 
If this were merely a terminological confusion it would not, in itself, be of 
much importance, but it conceals a more fundamental problem, which lies at the 
heart of the philosophy of Dublin Core. Implicit in the definition of metadata is 
the notion of recursion. Data about data are themselves data, so it becomes 
possible to envisage metametadata about metadata. For example, a collection of 
metadata records about books that make up a library catalogue constitute, in 
themselves, a set of data. If we talk about the catalogue as an entity, say while 
preparing statistics about the number of works in the collections that have been 
catalogued, we are dealing with metadata about metadata i.e. metametadata which 
are at two removes from the books on the shelves. Comparative statistics about 
the relative speed with which different libraries constitute their catalogues are 
metametametadata, and so on. Meta-levels can be extended indefinitely in this 
way. Since all metadata are also data, we can always legitimately ask data-
oriented questions at any level of abstraction: who was the author of the data? 
when were they created? who published them? etc. These are the typical questions 
that can be applied to any collection of data. The DC element set, since it deals 
primarily with these questions, provides a schema that is adapted to the 
description of data. 
By contrast, drilling down through meta-levels of abstraction is not an 
indefinite process. At some point we arrive at data that are not about data, but 
which are about (or purport to be about) concrete reality. These are data about 
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objects, places, people and events in the real-world, i.e. just data. Real-world 
objects do not share the characteristics of data, their attributes are multiple and 
varied – hence they cannot all be adequately described in terms of the DC 
metadata elements.  
The generalisation of the word metadata tends to obscure these 
distinctions. The emphasis in Dublin Core remains, as it has always been, on the 
description of electronic resources. Many writers have tended to overlook or 
obscure the asymmetry between data and metadata, as between physical objects 
and documentation. This has been particularly evident with respect to the museum 
community. A typical passage, which reveals this slide from dealing with data 
objects to physical objects, occurs in “Metadata for the masses”  
Metadata is data about data.... One recognisable form of metadata is the card index 
catalogue in a library; the information on that card is metadata about a book...  
Metadata exists for almost every conceivable object or group of objects, whether 
stored in electronic form or not. (my italics) [MILLER 1996] 
This confusion, though greatly amplified by the museum community, was 
nonetheless already present in the original OCLC/NCSA workshop report, which 
referred to the possibility of DC being used to describe “objects in a museum” and 
cited “Benjamin Franklin’s Spectacles” as an example of a “resource”. 
Participants in the CIMI DC metadata project brought a wide range of 
“resource types” which were “destined for description in DC records”. The list 
included both physical objects, such as monuments, renaissance paintings, maps, 
archaeological sites, costumes, natural history specimens and historical weapons, 
as well as digital and online resources such as virtual galleries, social science 
datasets, digital audio files and online collections. [CIMI 1999] p 3 A DC working 
draft on resource types now proposes physical object, which is defined as: 
... a non-human object or substance. For example – a computer, the great pyramid, a 
sculpture, wheat. Note that digital representations of, or surrogates for, these things 
should use image, text or one of the other types. [GUENTHER 1999] 
The overall result of this confusion was the misleading impression that the 
DC element set could be applied with only minor modification to the description 
of physical objects, hence to items in museum collections. The relative ease with 
which the element set was established was taken to imply universality. Having 
found a means to describe one class of objects – data objects and DLOs in 
particular – participants in the CIMI DC metadata project were in effect assuming 
that any class of object could be adequately described with the same set of 
attributes. 
This has given rise to what we might describe as the “DC fallacy”. The 
initial success in describing electronic resources and DLOs, using only a limited 
set of attributes, created the impression that all objects could be described using 
the same attributes. However, the slide towards describing real-world objects 
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introduced an entirely different level of complexity, one that DC was ill-equipped 
to deal with and which many of its proponents seem to have overlooked. 
The CIMI Guide to Best Practice pushes DC well beyond its original 
limits. A large number of non-standard types were defined, including institution, 
event, physical object, person and collection, none of which could be considered 
as subclasses of DLO. CIMI also proposed using the DC relation tag as a holder 
for foreign keys, used to create relational links between these new types of 
records, with the DC identifier tag as the key. It should be remembered that the 
DC definitions for these tags allow a very broad interpretation of their intended 
use: Identifier is a “String or number used to uniquely identify the object”, while 
Relation is simply the “Relationship to other objects”. The CIMI proposal would 
seem to be a far more specific interpretation than the authors of DC may have 
intended. The CIMI Guide was, in effect, pushing DC towards an elaborate 
conceptual schema, one recognising multiple and related types of entities, while 
keeping the same restricted set of attributes.  
5.4.4 Semantic drift 
One form of intellectual “sleight of hand”, that enabled the DC element set 
to be applied to physical objects and other resources for which it was not 
originally intended, has been described as “semantic drift” or “semantic 
fuzziness”. The semantic constraints on various DC elements were blurred 
through the use of qualifiers – so that they could be reinterpreted and extended in 
different ways to include other types of information.  
The idea of qualifiers was present in an embryonic form in the original 
specification, but the concept was developed more fully in later versions. 
Unqualified DC has since become known as “DC simple”. Qualifiers can be 
regarded as sub-types of data elements, each of which adds a specific connotation. 
A list of possible qualifiers was agreed upon in 2000 but was later abandoned.50 
The dangers of qualified DC and associated semantic ambiguity were 
recognised by some of the authors of DC: 
The goal of semantic interoperability across communities can only be achieved if 
there is a simple core of elements that are understood to mean the same thing in 
every case. Additional qualifiers support specifying, modifying, and particularizing 
the meaning of an element. Since this will probably be done in different ways by 
different groups at different times, it will potentially lead to semantic drift in the 
elements, and consequent loss of semantic interoperability. [WEIBEL 1997] 
Semantic ambiguity is nevertheless an intentional strategy recognised and 
accepted as essential to the application of DC: 
The properties of Dublin Core are like fifteen big buckets, and the rules about which 
types of literals may be placed in those buckets are somewhat fuzzy. This fuzziness is 
                                                 
50 http://dublincore.org/documents/2000/07/11/dcmes-qualifiers/ 
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intentional … If the rules of Dublin Core were more precise, people would inevitably 
bend them. [BAKER 2000] 
Two examples of semantic drift in the proposed use of DC within the 
museum community are the use of title element to contain the species name of 
specimens in natural history collections and the author element for the name of 
the person responsible for identifying the species. 
The semantics of the DC data elements were intended to be “clear enough 
to be understood by a wide range of users” – primarily on the basis of the element 
names. By allowing data elements to be re-interpreted in a broad manner, it 
became relatively easy to find at least some data within a particular domain that 
could be seen as corresponding in some way to the DC data elements. While this 
approach certainly facilitates the composition of DC-compatible datasets it does 
nothing to encourage precision. Information which, considered from one point of 
view, is apparently appropriate for a given data element may, according to another 
interpretation, be placed in an entirely different data element. A clear example of 
this is the Coverage data element that was originally defined as “The spatial 
locations and temporal durations characteristic of the object” and is now defined 
as “The extent or scope of the content of the resource”. This can be interpreted 
variously as the place and or period of manufacture, discovery, use, or storage, the 
place and date of birth, death or life-span or, in the case of paintings and books, 
the place or period being referred to or represented. 
The situation can be compared to one in which a standard descriptive 
scheme developed for a particular domain, such as the definition of nutritional 
value found on many packaged foodstuffs, is used as the basis for a universally 
applicable descriptive scheme. After initial success in describing, say, cereals and 
other dry foods, the standard is extended to tinned goods, drinks, confectionery 
and fresh produce. Minor tinkering enables all these categories to be described 
satisfactorily and confirms the authors in their view that the standard can be used 
to describe virtually anything. Subsequently, attempts are made to adapt the 
standard to, say, electrical goods, which turn out generally to have a very low 
nutritional value, but for which the calorific value is re-interpreted to mean power 
consumption. 
In defence of DC, it can be argued that researchers or members of the 
public may well be interested in any and all possible interpretations of the data 
elements. A question about coverage is, in effect, interpreted as meaning “give me 
a list of things that are related in one way or another to this place or period”. It is 
quite likely that this degree of imprecision does indeed correspond, at least on 
some occasions, to the needs of a general enquiry. However, it is clearly not 
sufficient for all forms of research. DC provides no mechanism for supporting 
more precise queries aimed at a more specific level of detail and, consequently, it 
would appear to be incapable of being used for the sort of academic and scientific 
research activity that CIMI hoped it could support.  
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5.4.5 Methodological limitations 
The original metadata workshop identified several working principles that 
were intended to guide further development. It was hoped that adherence to these 
principles would keep the core element set as small as possible and facilitate 
comprehension, whilst allowing sufficient flexibility for the description of 
resources in a “wide range” of subject areas. 
The first of these principles, instrinsicality is a prescription that DC 
elements should be restricted to the description of intrinsic properties of the object 
being described. This notion is similar to Locke’s distinction between primary and 
secondary qualities [LOCKE 1690] (Ch. 8). However, intrinsicality goes beyond 
directly observable primary qualities to include all properties that can be 
discovered “by having the work in hand”. This was meant to include properties 
such as “subject”, whereas “cost” and “access” considerations were considered as 
“extrinsic” properties. Extrinsic data were characterised as descriptive of the 
“context in which the work is used”. It was recognised that extrinsic data might be 
important for a “complete” description of an object, but this was intended to be 
handled by extension mechanisms. 
We have argued that contextual information and the “extrinsic” properties 
of objects are of fundamental importance to CHI. The information that can be 
derived from direct examination and analysis may, of course, be of great interest, 
but museum objects and specimens only acquire their full significance when they 
are placed in their historical, cultural and scientific context. Why an object was 
created, what it was used for, who owned it, its symbolic or scientific 
significance, are all extrinsic properties. The principle of intrinsicality, if 
rigorously applied, would exclude this information thereby preventing the 
application of DC to physical manifestations of cultural heritage. 
Furthermore, information that is intrinsic to intellectual objects such as 
documents may be extrinsic to others. The “Author” data element is a good 
example. While the author of a document can generally be identified by 
examining the document itself – though even this is by no means evident – the 
reverse is the case with historical, archaeological and fine arts objects, where 
authorship can seldom be determined simply by “having the work in hand”. 
Applying the principle of intrinsicality would require the exclusion of the Author 
element from cultural heritage resources. 
Extensibility was defined as the second principle underlying the 
development of DC. It was recognised that the extremely restricted range of data 
elements would be inadequate for some uses and that “site-specific” data elements 
might be needed. Furthermore, the DC element set itself was also expected to 
evolve. However, no mechanism was proposed that would enable extensions to be 
well defined. In other words, extensions to the element set made for different 
implementations would most likely be mutually incomprehensible: “...additional 
fields are not guaranteed to be understood outside the community that proposed 
them”. [WEIBEL 1995] As we have noted, “extrinsic” data as well as other data 
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not captured by the core element set were intended to be expressed using 
extensions. This combination of factors had the effect of severely diminishing the 
chances of achieving a satisfactory level of interoperability between systems 
concerned with cultural heritage information. 
5.4.6 Problematic addressed 
Even if DC can provide the interchange facilities needed for integrating 
cultural heritage resources, the problematic it addresses and the premises upon 
which it is based are not appropriate to the museum community.  
The problematic originally addressed by DC was to improve retrieval of 
electronic resources by allowing untrained authors to incorporate metadata into 
the resources they create. For this to be achieved the complexity of the metadata 
specifications had to remain as simple as possible.  
However, the real problem lies elsewhere. Databases of cultural heritage 
information already exist, but the information they contain is incompatible and 
inaccessible. DC, conceived as a means of improving retrieval, was proposed as a 
solution to an entirely different problem: as an interchange format between 
heterogeneous databases. Whether or not this is possible, the problematic is 
significantly different. Simplicity was a condition for the original metadata project 
– to encourage the creation of metadata records. When complex metadata records 
already exist, and exchange or integration is the goal, simplicity is no longer a 
precondition and may actually become a handicap. This shortcoming of DC as a 
basis for integration of CHI was revealed by the CIMI Dublin Core Test-bed:  
…a DC Simple record...lacks the richness of information that we want to see in a 
metadata record… 
Simplicity was also intended to facilitate comprehension. A simple set of elements 
would be easier to grasp by a wide range of users. This too, seems to be mistaken. 
The desire to restrict the number of elements has resulted in broad, abstract 
definitions of their semantics. End users do not find such general categories 
appropriate and relevant to their concerns ... we found ... that the element definitions 
and suggested usage didn’t speak directly to museum needs. [PERKINS 1999] 
5.4.7 Core data 
One of the assumptions at the heart of the DC was that a common 
denominator existed between all sources of information. “Core data” it was 
argued, represent the common ground between different disciplines, and hence the 
most important information: “... there are core elements common to many object 
types... a simple, extensible framework of such elements can be defined to support 
more complete resource descriptions.” [WEIBEL 1995] p 16 
This approach was intended to overcome a number of difficulties: 
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1. By concentrating on a subset of available information, the degree of 
incompatibility between heterogeneous sources of information is 
greatly diminished. The technical problems that need to be overcome 
are constrained. 
2. By avoiding information that is domain-specific, conceptual 
incompatibility between different disciplines can be diminished. 
3. “Core data” represent the most readily accessible and easily 
understood elements of information. The resulting data profile is more 
easily understood by non-specialists. 
4. Implementation complexity is reduced due to the simplicity of DC 
records. 
 
Unfortunately, it transpires that the range of information that is genuinely 
common to different disciplines is so limited as to be virtually useless. 
Consequently, the DC element set does not, in fact, respect the definition of core 
data. Domain-specific information had to be included in the DC element set 
because without it, the element set would be unusable. A simple and obvious 
example is the “Author” field. Natural sciences do not require this information, 
since specimens have no creator, so a thoroughgoing minimalist approach would 
have excluded it. 
This relaxation of the minimalist “common core” principle raises some 
awkward problems. Since the set of data elements is claimed to be common to all 
disciplines, DC provides no mechanism for differentiating between different 
subject profiles; the element set used for library collections is the same as that 
used for fine arts, archaeology and natural history collections. The inclusion of 
data elements that are in fact domain-specific means that, for any given discipline, 
some data elements are irrelevant and constitute structural “noise”. This is a 
source of potential confusion since it becomes difficult or impossible to 
differentiate between data elements that have “null” values because they are not 
germane, from those for which the value is simply unknown. At the very least, the 
inclusion of domain-specific data elements in what is claimed to be a universal 
“core” data standard is conceptually inconsistent. 
5.4.8 CIMI DC metadata project results 
The CIMI test-bed project [CIMI 1999] culminated in the publication of a 
guide to best practice [CIMI 2000] for the use of Dublin Core in the cultural 
heritage domain. This document identified specific problems with Dublin Core in 
relation to cultural heritage. 
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5.4.8.1 Problems with individual data elements 
The format recommended for “Date” fields in Dublin Core is restricted to 
a four-digit year format. This is insufficient for cultural heritage material, 
particularly natural history and archaeology, which frequently require dates before 
the Common Era and dates using other calendar systems.  
CIMI recommends use of the DC.Subject element for the identification of 
both the subject of a portrait painting as well as for the artist who created the 
painting. Since there is neither any qualifier to indicate the nature of the subject, 
nor any DC type for “portraiture”, it becomes impossible to identify the content of 
this field as referring to a person.  
5.4.8.2 Need for greater “physical” description 
CIMI identifies the absence of DC elements appropriate for the physical 
description of objects as a problem for cultural heritage artefacts. There are no 
descriptors for dimensions, weight, location, materials, production technique, 
colour or any other physical characteristics. Consequently, these are all placed 
within DC.Format. (This absence is hardly surprising since DC is oriented 
specifically towards the description of DLOs.)  
5.4.8.3 Results of describing complex real objects 
The CIMI best practice guide also reveals the possibilities for confusion 
concerning the distinction between descriptions of physical objects and surrogate 
representations of these objects. CIMI provides alternative DC records for both, 
but the distinction between them hangs entirely on the DC.type field, and CIMI’s 
proposed use of multiple type elements. The description of an image of a painting 
can easily be confused with description of the painting itself. This creates 
problems as the DC.creator field semantics become blurred so that the artist 
responsible for the painting or the photographer responsible for the image, or even 
the operator responsible for scanning the image, may be recorded in this element. 
Analogous difficulties arise with respect to date and place of creation. 
5.4.8.4 Grouping problems 
The wealth of relations and contextual information surrounding items of 
material culture leads to extensive use of the repeating data elements in a number 
of DC fields. One example from the CIMI best practice guide contains sixteen 
DC.subject elements and eighteen DC.contributors. The distinctions between the 
various roles of the actors mentioned in these elements are lost in the DC 
representation. Correct grouping of actors, events and places becomes impossible. 
5.4.9 Evaluation 
In common with descriptive systems such as the CIDOC Guidelines, DC 
uses a flat data model, though it is document-centric rather than object-centric. 
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This approach does not allow relationships between people, events, places and 
objects to be represented correctly. DC does not enable metadata to be recorded 
that recognise the distinction between a portrait of Picasso, and a portrait by 
Picasso. This is a major obstacle for the use of DC in the cultural heritage sector.  
Again, as with the CIDOC Guidelines, logical grouping problems arise 
within the DC record because of the possible multiple occurrence of any data 
element. This enables multiple authors and dates to be recorded but, since the 
order of the occurrences is not considered significant, there is no means for 
associated data to be correctly related. An example from the CIMI best practice 
guidelines shows the date of collection and the date of preparation of a natural 
specimen, as well as the names of the people responsible in each case; however 
the names cannot be correctly associated with the respective events. 
The use of unconstrained text as the content of metadata fields in Dublin 
Core contributes to its ease of use, but seriously undermines the precision and 
accuracy of retrieval that can be achieved. Proper names, for example, used to 
identify people, are likely to result in confusion due to variations of syntax and 
spelling, to the existence of different people who share the same name and people 
with many names. Data expressed in different languages or using different 
terminology will also create difficulties and prevent effective retrieval by 
automatic indexing systems. To overcome these problems, recent versions of DC 
now incorporate syntax rules and references to authorities for terminology used in 
DC fields. These constraints may improve the accuracy of retrieval, but they also 
have the effect of rendering DC far more complicated to use. The Getty TGN, for 
example, is not easily navigated by non-users and does not by any means 
constitute a global reference. Reliance on terminological authorities means that 
the construction of valid DC records becomes a matter for expert users, in clear 
contradiction to the original objective of encouraging non-experts to compile their 
own metadata records. 
Many of these limitations are related to the absence of a coherent 
conceptual schema, one that recognises the existence of different types of entities, 
not sharing the same attributes.  
Significantly, the CIMI final report contains a proposal from Denmark to 
create an entirely new type of metadata record for events  
Event: Non-persistent, time-based phenomenon. Metadata for an event describes the 
purpose, location, duration, responsible agents, and links to related events and 
actualized resources. Event metadata may identify a non retrievable resource in that 
the described instantiation has expired. Examples include exhibition, Web-cast, 
conference, workshop, open-day, performance, battle, trial, wedding, tea-party, and 
conflagration, for which actualized resources may include photographs, transcripts, 
or artefacts, etc. [CIMI 1999] p 4 
To resume, we may say that, in attempting to use DC as a basis for the 
interchange of cultural heritage information, the museum community was trying 
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to adapt the DC metadata format to do something it was not designed for and for 
which it did not provide adequate support.  
• The typical subjects of DC descriptions are online resources, not 
physical objects.  
• The format is adapted for information retrieval, not integration.  
• The format is simplistic and does not adequately represent the rich 
cross-referencing of entities that is an essential characteristic of 
cultural heritage information. 
5.5 The CIMI Standards Framework 
Prior to its work on evaluating Dublin Core, CIMI’s most significant 
contribution to the field had been the development of a framework of standards 
for the exchange of cultural heritage information. This document is still frequently 
cited as a reference. 
The CIMI Standards Framework for the Computer Interchange of Museum 
Information [CIMI 1993] written by David Bearman and John Perkins, was first 
published in 1993. The document was the result of work by the CIMI initiative, 
launched by the American Museum Computer Network MCN. The Standards 
Framework was elaborated as a result of a series of meetings attended by a wide 
range of representatives of North American museums and associated network 
providers, which took place between 1990 and 1992. The work was supported by 
grants from, among others, the National Endowment for the Humanities, the Pew 
Charitable Trusts, the Getty AHIP, CHIN and RLG. 
The scope of the CIMI Standards Framework was larger than that covered 
by our current research since it was intended to include museum business 
processes and collections management as well as information we have defined as 
“cultural” in character. However, the exchange of CHI was one of its primary 
concerns. We consider it here because of the impact it was to have on later 
developments. 
5.5.1 Rationale 
The rationale behind the CIMI Standards Framework was that piecemeal, 
ad hoc transfer of data is costly and difficult, and that museums would benefit 
both economically and in terms of enhanced quality if standards could be 
established which would impose some coherence on the process of data 
interchange. 
Bearman and Perkins argued that many museum processes depend on the 
interchange of data and would be greatly simplified if interchange could be 
standardised, lowering costs and avoiding data loss: 
Without a standard for such interchange, each instance of interchange requires 
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preparation and programming. This may result in lost data, or the cost of one-off 
interchange outweighing the benefits. [CIMI 1993] p 2 
They identify four areas for potential information interchange: 
The need to exchange information with other institutions. 
The need to ensure the preservation of information through migration from one 
system to the next. 
The need to publish and distribute museum information, both printed and electronic. 
The need to integrate multiple applications within the museums and to create 
“unified databases”. [CIMI 1993] p 7 
The last of these, the creation of integrated and unified sources of 
information, is explicitly related to our current research. It is significant that the 
focus of the CIMI initiative was placed on the “interchange” and “exchange” of 
information rather than on “integration”. This is not simply due to a difference of 
vocabulary. The success of data exchange was seen not merely as a necessary 
condition for successful integration but as a sufficient condition. Successful data 
transfer would, it was assumed, naturally lead to integration. 
5.5.2 Approach 
The CIMI approach is based on the model of transfer between two 
systems, an emitter and a receiver. If data can be transferred without loss between 
incompatible systems, then integration has been achieved:  
The information held in user application A is converted into interchange formats to 
be sent to B. The interchange format is simply a neutral way of laying out the data, 
typically neither the way the sending nor receiving system uses it, but which is 
standard so that a sender can make a single translation to the neutral format for 
communication to all the potential users. And vice versa, a recipient can make a 
single translation from the neutral format for communication with any number of 
senders. ... A fully satisfactory format will lose no information in translation and 
hence be fully reversible. [CIMI 1993] p 18 (my italics) 
By concentrating on the problems of data transfer, the CIMI Framework 
was addressing only one aspect of the problem. A “fully reversible” translation 
from one system to another requires not only that the intervening communication 
channel does not induce loss of information, but also that the respective systems 
are capable of representing and reproducing each other’s data. That system A and 
system B are both able to translate their own data into and from a neutral form C, 
without loss, does not imply that system A can also correctly interpret all data 
which originate from system B. Nor would this imply that system B could, 
likewise, interpret data from system A. Providing a neutral communication 
channel, though necessary, is not sufficient in itself to achieve integration. 
Specific difficulties arise with respect to combining heterogeneous material, 
which the CIMI framework does not address in detail. 
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The impact of heterogeneity on the reversibility of information exchange 
was not seen as significant. This is clear from the authors’ assumption that the 
internal representational schema of communicating systems can be considered 
independently from data exchange: 
... common definition of the interchange data is critical to accurate communication 
but it does not dictate the organization, representation, or more detailed definition of 
data within the user’s own system. [CIMI 1993] p 19 (my italics) 
However, if the level of detail at which data are defined is inconsistent 
between communicating systems, then the symmetry of reversibility is 
compromised. The additional detail present in system A will be lost when it is 
transferred to system B, unless specific measures are taken to ensure that it can be 
preserved. Conversely, detailed information contained in system B will also be 
sacrificed when it is exchanged with A. The neutral interchange format, even if it 
is capable of representing all the information contained in both systems, will only 
enable the fully reversible exchange of information that is common to both. As the 
number of systems participating in the exchange of data increases, the potential 
intersection will be further constrained. 
The approach proposed by the CIMI framework was based on the 
assumption that the elaboration of a neutral format for data exchange was 
sufficient to achieve integration. By failing to address the problem of 
heterogeneous sources, containing variable and inconsistent levels of detail, the 
CIMI framework implicitly assumed that a common “core” of data existed 
between all museum systems and that the loss, during data exchange, of data lying 
outside this core was acceptable. This position had a significant influence on later 
developments. 
5.5.3 Two levels of compliance 
The CIMI framework was based primarily on existing “open” standards 
and protocols, which, the authors argued, could be adapted to meet the 
requirements of the museum community. The framework makes an important 
distinction between two “levels of implementation”. The first requires museums 
to agree to adopt the standards required to ensure the physical exchange of 
institutional data, without regard to semantic content. This level is essentially 
concerned with technical protocols such as FTAM file transfer, X.500 and 
TCP/IP, and we shall not examine it here. The second level of CIMI compliance is 
aimed at ensuring that the semantic content of the data can be correctly 
transferred. In order to achieve this goal, the CIMI framework proposes an 
approach similar to that of the CIDOC data model, based on standardised data 
fields and data values: 
The report discusses two levels of implementation of the CIMI Standards 
Framework. The first is for museums to specify that their hardware and software 
acquisitions support the standards defined in the CIMI Standards Framework. This 
will ensure that the data can be interchanged even if all the institutional meanings 
cannot be. The second addresses the problem of agreeing on meanings by proceeding 
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with the standardization of data content (the fields of information), and data values 
(what goes in the fields). [CIMI 1993] p 3 
Elsewhere in the Report on the CIMI Framework, it is emphasised that the 
preservation of semantic content is the essential goal: consequently the first five 
levels of the OSI Reference Model [ISO 7498] are of secondary concern: 
Specifically, the standards of interest to CIMI are limited to the two highest layers in 
the Reference Model: the Application and Presentation layers, which together ensure 
that any information exchanged among systems is in a commonly understood form. 
[CIMI 1993] p 16 
Despite this, OSI level 1 communication protocols are enumerated and 
discussed at length whereas level 2 compliance is not discussed in any great 
detail. 
Significantly, the need for a high-level semantic information model seems 
not to have been recognised at the outset. In its original mission statement, the 
CIMI committee described its goal as being to develop the CIMI Standards 
Framework, “by combining data interchange formats, interchange transport 
protocols, transfer media options, and other requirements.” (ibid. p 10, my italics) 
In this respect, CIMI was following in the footsteps of the 1986 CIDOC initiative 
which endorsed ISO 2709, a data transfer protocol designed for magnetic tape, as 
the basis for all museum information interchange.51 The emphasis was clearly on 
the need for a technical solution: “how” rather than “what”.  
This accent shifted somewhat with the establishment of a number of CIMI 
“task groups” following the fourth CIMI committee meeting. These groups, 
composed of museum professionals, were “responsible for defining the specific 
data requirements of their community”. They were “encouraged to describe their 
interchange service requirements in their own terms, specifying the data they 
needed to send/receive and functions of a systems (sic) which would serve them”. 
[CIMI 1993] p 12 These requirements were then expressed in terms of existing 
data transfer protocols:  
The CIMI Project Manager is assisting the Task Groups to express their requirements 
formally and technically in an “interchange service definition” or in the structures 
provided for content definition in an existing protocol. [CIMI 1993] p 13  
Requirements were also examined in terms of existing museum 
applications involving data interchange. These were grouped under seven 
headings: Database Building, Information Retrieval, Business Transactions, 
Messaging, File Transfer, Document Handling and Real-time Links.  
By formulating the problematic in terms of data transfer between systems, 
by requiring the expression of requirements in terms of existing protocols and 
applications, and by consulting only museum professionals, the CIMI project put 
                                                 
51 A decision that went largely unnoticed. 
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a number of constraints on the vision of CHI that was expressed, thereby ensuring 
that it was most likely to correspond to the available technical models – the what 
would fit into the existing how. It is significant that two potentially problematic 
objectives, requiring integration of heterogeneous material – “to integrate multiple 
applications” and to create “unified databases” – were omitted from the list of 
requirements at this stage, although they had figured in the initial list of goals.  
5.5.4 Semantic model 
The CIMI framework does not propose a semantic model, which would 
ensure that data could be correctly interpreted.52 It does, however, describe the 
means by which semantic content can be specified, in terms of data fields, content 
control and terminology control.  
This approach to the semantic specification of information was defined by 
Andrew Roberts, chair of CIDOC and a member of the CIMI Committee: 
Data standards define the structure, content, and values that collections information 
comprises. Data structure concerns what constitutes a record, such as the different 
fields used to record information and their relationships. Data content relates to the 
rules and conventions governing how data are entered into fields, including 
cataloging rules and syntax conventions. Data value has to do with the vocabulary 
used in the various fields and the specifications for individual character sets. 
[GETTY 1993] 
The CIMI task groups were set the task of defining the information 
requirements for different domains in these terms. Participants each contributed a 
“list of data elements” which were compared and used to constitute a formal 
“Data Element Dictionary”.[ibid.] While this approach might initially have been 
intended simply as a conceptual exercise, designed to identify information 
requirements without implying any particular implementation, the implicit 
intention was nevertheless to use the data dictionary as a data representation. This 
is made clear by the fact that the task groups, and the wider community, were 
encouraged to develop the vocabulary control mechanisms, such as thesaurus and 
authority files, that would constrain the data values which could be entered into 
specific data fields: 
The museum profession should encourage the further development of standards for 
data values and data content designation as represented by collaborative disciplinary 
efforts in thesaurus construction, biographical and geographical databases and 
reference files of various types. [CIMI 1993] p 33 
The data element dictionary was seen not just as a conceptual analysis but 
also as a practical solution to the problem of data exchange. 
                                                 
52 A semantic model based on this approach was later developed as the CIMI Z39.50 profile. As 
we have seen, CIMI also devoted considerable energy to evaluation of the Dublin Core metadata 
specification. 
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5.5.5 Limitations of the CIMI data model 
Considered as a data model intended for the representation of complex 
cultural heritage information, the CIMI model has some important limitations. 
5.5.5.1 Flat model 
The model provides no mechanism for defining different entities and the 
links between them. Each data element has to define its own semantic context. 
This potential impact of this limitation appears to have been overlooked, even 
though the authors of the CIMI framework had recognised the importance of 
multiple viewpoints and the need for links between distinct entities:  
Museums do have a great interest in the exchange and copying of data about 
individuals, organizations, places and events associated with collection objects. 
These files of authoritative information which relate to entities other than the objects 
in collections are essential to research and to make links between objects for 
interpretation. [CIMI 1993] p 24 
The use of vocabulary control and authority files containing lists of names 
to constrain data values tends to conceal the existence of implicit entities. Getty 
AHIP’s Union List of Artist Names is cited, for example, as a possible authority. 
A similar approach is recommended for the control of geographical place names. 
This approach implies, typically, that information concerning the artist 
responsible for the creation of an object and the place where it was created should 
be represented as simple data fields that are direct attributes of the museum object. 
Clearly, the use of a flat data model places severe constraints on the 
semantic potential of the data schema. 
5.5.5.2 Rigidity of a “flat” data model  
A “flat” representation of multiple entities leads to redundancy, is less 
flexible as a form of representation and less easily extended. If nothing more than 
the name of an artist is stored, for example, there is no conceptual “hook in” point 
for additional biographical information. The addition of new data elements to the 
existing data dictionary introduces incompatibility and may require existing 
implementations to be modified. 
This constitutes an important limitation for the CIMI framework since it 
was recognised that the needs of the museum community would evolve and that 
the form in which data are exchanged therefore has to be flexible enough to 
encompass change: 
A standards framework is a flexible model in the context of which decisions can be 
made about standards development and adoption. It requires maintenance and 
updating as situations in the information industry evolve, but it should provide a 
secure foundation for the future. By implication this places museums at the 
beginning, rather than the end, of a long and complex process. [CIMI 1993] p 8 
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The absence of a clear distinction between a conceptual schema and a 
physical representation appears to have led the CIMI initiative to adopt a 
simplistic data model which, while it may have been readily understood by end 
users, nevertheless placed important restrictions on the expressive potential and 
the long-term flexibility of the semantic schema. 
5.5.6 Outcome 
After several years’ work, the outcome of the CIMI Standards Framework 
was somewhat disappointing when compared with the initial expectations. Having 
come to the conclusion that the “mechanical” and non-domain-specific aspects of 
transferring data from one system to another were adequately covered by many 
existing standards, CIMI realised that its primary concern was effectively 
restricted to the higher levels of the OSI model, concerned with semantic content, 
and that museums would, in fact, be obliged to adopt whatever lower-level 
communications standards were prevalent.  
The CIMI Committee recognized that standards for interchange of museum 
information should result from adoption of existing standards whenever possible 
since museums had neither the technical expertise nor marketplace clout to develop 
de facto standards for any part of the interchange except data content. 
[CIMI 1993] p 26 
In other words, making recommendations about physical transport 
mechanisms and data formats was a waste of time. Nevertheless, the 
recommendations contained in the framework itself were almost exclusively 
concerned with low-level standards for communication and data exchange: ISDN, 
FDDI, FTP, etc. The three major data exchange formats that the CIMI Framework 
recommends – ISO 2709, SGML and ASN.1, along with Z39.50, recommended 
for information retrieval – all require a specification of semantic content if 
transferred data are to be interpreted correctly. 
It was recognised that the physical transfer of data, in the absence of a 
specification for consistent interpretation, was of limited value: 
…while all the protocols enabled interchange of transactions not fully specified in 
advance, the meaning of data received in this way would by definition be unknown to 
the receiving system, so the value of the interchange would be minimal. 
[CIMI 1993] p 22 
Although it suggested a means for defining semantic content, in terms of 
data fields, data content and terminology control, the CIMI framework did go so 
far as to propose a semantic model; nor did it examine in detail the consequences 
of applying the field/value approach to complex cultural heritage information. It 
was assumed that data content standards could be developed later:  
The standards framework for CIMI acknowledges that museums applications have 
special content and that … using ISO 2709, ASN.1 and/or SGML will require 
agreements on data content standards still to be developed [CIMI 1993] p 32 
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The principal reason for the absence of a semantic model, we would argue, 
was the emphasis given at the outset to the question of data interchange rather 
than to integration and the subsequent investment of effort and resources in this 
direction.  
Ironically, work on the CIMI framework led to the realisation that one of 
the major justifications for concentrating on data interchange, the argument that 
museums would benefit economically from reductions in the cost of transferring 
catalogue data between institutions, was unfounded, primarily because of the 
limited scope for sharing and re-use of such information in the museum field: 
Typically when museum professionals think of information interchange they think 
first about inter-institutional exchange of data about collections at the object level, 
however, our research suggests that there is less demand for interchange of this 
information than is initially envisioned. When museums do exchange this data to 
construct shared databases or union catalogues they obtain none of the economic 
advantages which libraries realize from being able to use such databases for copy 
cataloguing because museum objects are typically unique. [CIMI 1993] p 23 
Although the outcome of the CIMI framework may not have lived up to 
initial expectations, it nevertheless made a significant contribution to work in the 
field of cultural heritage informatics in that it highlighted the need for a semantic 
model, shifting the focus of interest away from technical standards and 
communications protocols. It thereby helped to establish the intellectual basis for 
developments that were to follow. 
5.5.7 Evaluation 
The problematic addressed by the CIMI framework is misplaced in its 
assumption that the interchange of information between systems represented a 
crucial need of the museum community. Compared to public libraries, the volume 
of information that can be shared between institutions is small, so museums do not 
stand to make significant economic benefits from the automation of data 
exchange. The assumption that “the benefits to be achieved from applying 
standards to museum informatics greatly exceed the difficulty, cost and time 
required for their development and implementation”[CIMI 1993] turned out to be 
false. By focusing on interchange of information, CIMI did not address the 
problems of integration. 
Because of the failure to analyse the complex semantics of cultural 
information, the resulting “CIMI framework” severely restricted the potential 
scope and usefulness of data exchange. The goal of meeting “museum community 
needs for data interchange” cannot be satisfied in the absence of some form of 
detailed semantic analysis.  
Although the CIMI initiative recognised the need for continued evolution 
and development, and described the framework as a “flexible model in which 
decisions can be made about standards development and adoption” [CIMI 1993], 
it failed to provide a mechanism whereby coherence could be maintained. Change 
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and evolution tend to introduce incompatibility. Because of this, the standards 
framework does not succeed in providing “a secure foundation for the future”. 
[CIMI 1993] p 8 
5.6 The Art Museums Image Consortium (AMICO) 
AMICO, a consortium of over 30 North American museums and galleries 
(Annexe A1), provides access to a “library” of approximately 100,000 works of 
art. The consortium is one of the most frequently cited projects since it represents 
one of the few to have succeeded in going beyond the stage of trials and 
prototypes and of reaching production status. The AMICO system is interesting 
for our current research not only from a technical point of view but also from the 
perspective of the organisation and administrative approach that has been adopted. 
Our primary concern is focused on the AMICO project considered as an 
information system; it is nevertheless important to understand the economic and 
administrative model adopted by the project so as to grasp the objectives that the 
system is designed to support. 
The AMICO consortium was organised in 1997 by Archives and Museum 
Informatics (A&MI), a private consultancy firm based in Pittsburgh USA, and the 
Association of Art Museum Directors (AAMD). A&MI were largely responsible 
for the planning and the technical conception of the AMICO system. 
Early in 1997, the AAMD (the Association of Art Museum Directors) invited its 
members to send representatives to an organizational meeting for what became 
AMICO. After a series of ad hoc meetings, AMICO was officially organized in 
October 1997, as a program of the Association of Art Museum Directors Educational 
Foundation, Inc., and the AMICO Board was constituted. In 1998, AMICO was 
separately incorporated as an independent non-profit corporation, ending its direct 
connection to the AAMD.  
When AMICO was formed in the fall of 1997, the AMICO Executive Committee 
decided that rather than hiring a staff immediately, it would contract management of 
the Consortium to David Bearman and Jennifer Trant of Archives and Museum 
Informatics, who had led the planning process. Trant now serves as Executive 
Director, and Bearman as Director of Strategy and Research. [AMICO 2002]  
The AMICO mission statement highlights the educational motivation 
behind the creation of a consolidated digital library of cultural heritage 
information, based on the belief that “the higher educational community is ready 
and willing to incorporate museum digital content into their teaching and learning 
processes”: 
The Art Museum Image Consortium (AMICO) is a non-profit corporation made up 
of museums with collections dedicated to provide educational access to and delivery 
of cultural heritage information by creating, maintaining and licensing a collective 
digital library of images and documentation of works in their collections. [ibid.] 
However, although the consortium itself is non-profit, it’s members are 
clearly attracted by the economic potential of exploiting their intellectual property 
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rights. To this end, full access to the AMICO library is by licence only:53 the 
payment of an annual fee covers some of the costs of the service and allows 
contributors to establish a contractual arrangement with users of the library which 
limits permitted use. 
Museums are wise to be concerned for the protection of intellectual property rights, 
and the moral rights of artists whose works are in their care. New opportunities for 
distribution of information also create new possibilities for its abuse. But the 
potential for reaching the educational community in an entirely new way is too great 
to ignore, and there are means for protecting intellectual property rights in the digital 
environment. Primary among these is a license, that acts as a contract between the 
provider of digital information and its user. A license can specify how digital 
information can be used, by outlining licensed users and licensed uses. It can also 
place limits or controls on the re-use or redistribution of information. [TRANT 1997] 
As one might expect from the list of contributors, the content of the library 
is fairly heavily biased towards European and North American nineteenth and 
twentieth century fine art. AMICO provides the following statistical breakdown: 
Types of Works 
• over 13,000 paintings 
• over 5,900 sculptures 
• over 13,700 drawings and watercolours 
• over 23,800 prints 
• over 29,000 photographs 
• over 1,800 textiles 
• over 1,600 costumes and jewellery 
• over 9,800 works of decorative art  
• over 1,200 books and manuscripts  
Time Periods  
• over 2,500 works dated BC 
• over 6,000 works dated between 0 and 1500 AD  
• over 3,300 works dated between 1501 and 1600 AD  
• over 5,000 works dated between 1601 and 1700 AD  
• over 6,300 works dated between 1701 and 1800 AD  
• over 20,000 works dated between 1801 and 1900 AD  
• over 53,000 works dated between 1901 and the present  
Cultures  
                                                 
53 Sample records and a thumbnail catalogue are available free of charge. http://search.amico.org 
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• over 32% from Europe, including ancient Greece and Rome 
• over 55% from the Americas including Pre-Columbian (Meso-
American) 
• over 7% from Asia including ancient Asia Minor 
• over 5% works from Africa including ancient Egypt. 
However, the ambition of AMICO is gradually to expand the content of 
the library to encompass other areas and to become a truly international resource:  
AMICO could develop international agreements that would ensure access to the 
collections of other countries” museums. Since culture knows no boundaries, this 
approach ... offers the potential to construct a real international network of cultural 
heritage information. [TRANT 1997] 
This objective is of particular interest since the design of the AMICO 
system incorporates elements intended to facilitate evolution of the information 
system and data schema. 
The records contained in the AMICO library are composed of textual 
information and multimedia elements. Records include images at varying 
resolutions but reference images are stored at the relatively modest resolution of 
1024 x 768 pixels in 24 bit colour. 
5.6.1 The AMICO process model 
 
Fig. 14 – Amico process model 
Unlike other approaches we have examined, AMICO is based on 
centralised processing rather than a centralised database application. Contributors 
submit digital content intended for the AMICO library. This has to respect a 
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standard file format defined by AMICO. The consortium compiles and edits 
members’ contributions, ensuring the structural integrity of database records, and 
enhancing indexing. The results are sent to distributors who compile the results 
and produce the final product, which can be made available in a variety of forms. 
There are two main distributors: the Research Libraries Group (RLG) and the 
OhioLINK Consortium. RLG distributes the AMICO library as a separate 
resource whereas OhioLINK incorporates AMICO data into a multi-collection 
image database. AMICO establishes contracts with distributors to make the 
AMICO library available to educational institutions. 
Archives and Museum Informatics in fact maintain a complete copy of the 
AMICO database, but this is mainly for security reasons and it cannot be 
consulted directly. 
The key elements of the process model fall into four stages: 
1. Data are submitted by museums in a standard format 
2. A&MI consolidate the data and provide additional indexing (data 
enhancement)  
3. Data are sent to distributors for publication  
4. Sample data are also made available directly by A&MI. 
Members are under a contractual obligation to add material each year: 
Members have committed to adding a minimum number of new works to the Library 
each year, in addition to adding to the documentation of works already contributed. 
Over time, AMICO Members hope to add documentation from internal museum 
files, from museum education programs, from public exhibitions and from published 
scholarly studies. In addition, the Library is expected to grow through “exchanges” 
with similar non-profit or governmental initiatives in other countries. Other possible 
avenues for growth of the AMICO Library are being explored by the Board. 
[AMICO 2002] 
5.6.2 Data enhancement 
Central processing of the information submitted by members to the library 
is partly intended to clean up the data to make it more consistent for presentation 
purposes. However, the primary purpose is to enhance retrieval through the 
addition of metadata, in the form of additional indexing terms derived from a 
thesaurus. This use of the thesaurus is interesting since the goal of enhanced 
retrieval is achieved without the need to restrict data entry to terms already present 
in the thesaurus. The results are compiled into a collective catalogue. 
Data Enhancement Services, including data value standardization, the addition of 
unique identifiers and watermarking of images, subject indexing, metadata 
augmentation, thesaural explosion of terms in controlled vocabularies, markup of text 
to SGML, and mapping institutional data to export standards. 
 Catalog Management Services, including creating an integrated, publicly accessible 
directory with many access points and different interfaces for different users which 
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enables educators to identify works which they have licensed and may use through 
AMICO, and allows the public to seek further rights including commercial use rights 
from the individual museum members. [AMICO 2002] 
Each work imported into the AMICO library is stored as a catalogue 
record, an image file, and an image metadata record. Additional media files each 
have their own metadata record. 
5.6.3 The AMICO data dictionary 
At the heart of the AMICO process is the AMICO data dictionary.54 This 
document defines the types of information that can be recorded and the logical 
relationships between them. The data dictionary also serves as the basis for the 
exchange format used by members to submit digital content. The data dictionary 
is divided into two parts: the catalogue record and the metadata records for 
multimedia content. The transfer file format for data defined by the dictionary is a 
simple delimited ISO 8859 text file. 
The data dictionary defines a set of data fields, each of which is identified 
by a three-letter tag. Version 1.2 of the AMICO data dictionary contains 100 tags 
for the catalogue record, divided into thirteen themes organised around a series of 
possible questions: 
 
• What is it? 
• What is it called? 
• What does it look like? 
• Who made it? 
• When was it made? 
• Where was it made? 
• What is it about? 
• What does it mean? 
• Who showed it? 
• Who owned it? 
• What is it related to? 
• Who documented it? 
• Version Control? 
The AMICO tags are of three sorts: field tags identify specific attributes or 
properties relating to the object or document being described; relationship tags 
                                                 
54 http://www.amico.org/AMICOlibrary/dataDictionary.html 
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are used to create associations between logically related attributes; group tags are 
used to group sets of repeating tags. 
Specifications for each field determine syntax rules, whether the field may 
contain repeating values and whether it may be omitted. A definition and 
examples of use are also provided. Some sample records are provided on the 
AMICO website in the data dictionary format (Annexe A2), transfer file format, 
and as HTML for display. 
 
 
Fig. 15 – Sample record from the AMICO library 55 
 
The themes used to create groups of attributes do not in fact have any 
functional value. Their purpose is mainly to assist data entry as a guide to 
interpretation of the AMICO tags. 
Some of the AMICO data fields are associated with authority lists. When 
no adequate external reference exists, these are defined as part of the AMICO data 
dictionary.  
It will be noted that the data dictionary is object-centric in conception: 
people, events, and places are all treated as attributes of the object. The exception 
                                                 
55 http://www.amico.org/AMICOlibrary/AIC_.html 
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to this is the metadata records for multimedia files – mostly images – which are 
described separately. The AMICO data dictionary recognises, in a limited sense, a 
Document entity. The relationships between works and between works and related 
documents are defined by relationship tags. 
However, the data dictionary does not support a fully relational data 
model. Who made it fields typically represent a person or group responsible for 
creating the object. As information about the creator is included directly in the 
object record it has to be repeated for each object by the same artist. The object-
centric conception prevents the retrieval of entities other than objects and 
associated multimedia documents. Any information that is recorded about artists, 
places or events has to be expressed within the catalogue records for the objects to 
which they are related. Furthermore, creators and owners of an object are treated 
as two entirely separate data groups within the catalogue record, although both 
concern people and institutions. The data dictionary does not recognise that 
creators and owners are the same type of entity. As might be expected, the 
attributes used to describe owners are also far less detailed than those for creators. 
This approach inevitably results in a high-level of redundant data, and also tends 
to conceal conflicting data held in different catalogue records.  
5.6.4 Grouping problems 
As we have already noted, grouping problems typically arise in flat-file 
data schemas, such as that defined by the AMICO data dictionary, when attributes 
have repeating values. A mechanism needs to be provided that enables logical 
associations to be established between the elements of different lists. Without 
such a mechanism, ambiguity arises as to the way in which the data are related. 
One solution to this problem is to specify that the elements of two lists are related 
by sequence: the first element of list A is related to the first element of list B, the 
second to the second, etc. This approach is not without problems, however. The 
order in which elements are recorded may not be preserved by database software. 
Furthermore, the links between the elements of different lists are largely 
dependent on the interpretation of the user, and cannot adequately be governed by 
the system. 
The AMICO data format avoids some grouping problems arising from 
repeating data values by using special “group tags” to cluster related attributes. 
For example, the measurement attributes MED Measurement-Dimension, MDV 
Measurement-Dimension-Value, MDU Measurement-Dimension-Units and MEQ 
Measurement-Qualifier, contained in the sample record, are related under the 
MEG Measurements group tag. The same approach is used for information 
relating to the creation of an object, which is related under CRG Creator group. In 
both cases, the logical relation between sets of attribute values is established by 
their position within the same instance of a logical group. 
However, this grouping technique is not employed consistently within the 
AMICO data dictionary. Group tags are not used for documenting the exhibition 
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history of an object, which is simply listed in a text field OEH Exhibition or Loan 
History; likewise the history of ownership, OPO Provenance. 
Although the group tag mechanism allows grouping problems to be 
avoided between related attributes, it does not ensure that similar difficulties do 
not arise between related groups of attributes since the grouping mechanism only 
allows a single level of attribute grouping. The grouping mechanism could be 
extended to allow multiple-level groups. The need for a multiple-level mechanism 
arises with objects, such as an engraving or a bronze sculpture, that are created in 
several stages. Each phase may be the responsibility of a different person and may 
take place as a physically and temporarily distinct event. In such cases the creator, 
place and date need to be grouped together for each creative act in order to 
maintain their logical coherence. An extended tag grouping mechanism would 
bring the AMICO tag system close to the hierarchic syntax used by XML. 
5.6.5 Authority files 
The use of authority files compensates in some instances for the absence of 
a clear identification of the nature of related entities. Place-name fields, for 
example, are validated throughout the AMICO data dictionary by the TGN 
authority. The use of the same authority document indicates that the information 
is of the same nature. However, this assumption cannot be made consistently. 
ULAN, for example, is recommended for the validation of artists’ names, but the 
same authority cannot be used for owners” names.  
The purpose of using authority files to validate names of entities is to 
ensure that the data are represented in a canonical form that is unambiguous. 
Authorised terms are, in effect, intended to function as publicly available 
identifiers for external entities that are not documented by the local system. 
However, proper names do not constitute adequate identifiers. Relying on proper 
names to identify entities such as places is unreliable. Many places share the same 
names and multiple names may identify the same place. Moreover, many 
locations lying outside conurbations do not have any specific name by which they 
can be identified. 
The absence of a more fully developed entity schema results in a degree of 
data fragmentation, which places constraints on the ease with which the AMICO 
library can be used for research purposes. Queries focused on people or places, 
rather than objects, have to take into account multiple fields, and contend with 
differences of presentation, formatting and terminology. This renders research 
both time-consuming and inefficient. 
5.6.6 Link mechanism 
The AMICO data dictionary contains a mechanism that allows for the 
creation of links to related entities. The RWL Related-Works-Identifier/Link field 
is intended to contain “an identifier or link to a related work of art”. Attributes 
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concerning the relation of several related works can be handled unambiguously 
through their position under the same RWG Related Works of Art group tag. A 
similar mechanism is used to identify external multimedia files. The RIL Related-
Image-Identifier/Link, RML Related-Multimedia Identifier/Link and RDL Related-
Document Identifier/Link fields all correspond to the XIL DC.Resource.Identifier 
of the file’s metadata record, which contains the identifier of the metadata file. 
However, these are the only instances in the AMICO data dictionary where 
something approaching a relational approach is foreseen, a fact that tends to 
confirm the object-centric nature of the AMICO data dictionary. The link to a 
related work of art can be made through the inventory number since this is a 
publicly recognised identifier. The link to an external file through an identifier is 
possible because these files all form part of the AMICO library. The possibility of 
using the AMICO library to constitute similar public identifiers for entities such 
as people, places and events is not exploited. Consequently, these “contextual” 
entities are either documented redundantly by the repetition of data within the 
object record, or remain undocumented and are referred to ambiguously only by 
name. It is ironic that the members of the AMICO consortium, while 
concentrating great effort on pooling and sharing information about the objects 
within their collections – objects which are in most cases unique and which 
therefore offer only limited scope for re-use of data – seem to have overlooked the 
opportunity for sharing contextual information – which is common to many 
institutions and which therefore lends itself to re-use. In so doing they shoulder 
the burden of endlessly repeating the same contextual information, increasing 
costs and rendering the information more difficult to work with, or of omitting it 
altogether, which reduces the educational value of the library. 
5.6.7 Merge problems due to redundant data 
The presence of repeating and redundant data can lead to complex 
problems when records are merged. Biographical information about artists, for 
example, is repeated in each AMICO record for an object created by that artist. If 
the information contained in two different records is not identical, as may well be 
the case if records from different institutions are compared, decisions have to be 
made by A&MI about how to consolidate the incompatible data. 
5.6.8 Chronological data 
Date fields relating to the creation of an object are stored internally in the 
format YYYYMMDD. This is intended to facilitate sorting. April 4th 2000 is 
greater than January 1st 2000: 
20000404 > 20000101 
Negative integers are used for BC dates. Since the storage format used for 
BC dates is the same as for AD dates, problems arise with sorting due to the 
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asymmetrical nature of negative days and months. April 4th 2000 BC would be 
treated as less than January 1st 2000 BC: 
-20000404 < -20000101 
The restriction of dates to four-digit years prevents correct dating of some 
prehistoric archaeological finds and geological specimens. 
The AMICO data dictionary allows an interval to be used to store the date 
of creation of an object. This is used in the sample record to express uncertainty 
about the exact date, rather than the length of time that was needed for 
manufacture. The range of dates given for the creation of the object is 945 – 715 
BC.56 However, this is inconsistent with a second sample record where creation of 
the object is known to have taken place over a certain period of time. In this case 
the range of dates expresses the duration of the creation: the second period 
of Michelangelo’s work on the ceiling of the Sistine chapel, 1511-1512. 
The treatment of chronological information is not entirely consistent 
within the data dictionary. Not all dates are stored in YYYYMMDD format and 
most are not represented as an interval. CDT CXT Context-Time, for example, is 
not constrained in any way. CAD Creator-Active Date is intended as an interval 
and does not express imprecision. 
5.6.9 Null fields 
Null values are allowed in many fields by the AMICO data dictionary. The 
semantic significance of the absence of data is not always clear and may lead to 
confusion in some cases. All fields are available for the description of all object 
types. In certain cases some fields are inappropriate and cannot be filled in. The 
absence of data in these cases in consistent with the nature of the object being 
described. However, another common reason for absent data is that the 
information is not available. The question may therefore arise as to whether a null 
value signifies lack of knowledge, for which further research may eventually 
compensate, or is due to the nature of the object being described, which signifies 
that the field has no meaning in the given context. 
The object type field OTY Object-Type may, in principle, be used to clarify 
these situations. Knowing what type of object is being described leads the user to 
expect certain information to be absent. However, the data dictionary itself does 
not make any distinctions at this level. It would need to be extended to associate 
sets of attributes with particular object types. As it stands, the AMICO data 
dictionary does not offer any mechanism that would allow this to be done. 
A minor curiosity in the data dictionary is that the creation of a work is not 
considered repeatable, whereas the artist is a repeatable value. This prevents 
                                                 
56 We may note that the example is inconsistent with the AMICO data dictionary since the BC 
dates are not represented as negative integers. 
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adequate documentation of objects such as prints, which are created in several 
stages. 
5.6.10 Evaluation 
Despite its limitations, the AMICO data dictionary provides a fairly rich 
set of semantics of the description of museum objects. The level of detail goes far 
beyond that which can be recorded using the Dublin Core metadata elements. 
However, the absence of entities for events, people and places does place severe 
limits on the degree to which contextual information can be captured. 
The AMICO process model shows that data need not be strictly 
normalised during data entry in order to arrive at coherent presentation results. A 
distributed model of integration is possible – data do not have to be consolidated 
into a single database. It also shows that different presentation formats and uses 
can be supported by the same data. 
The use of a standardised exchange format simplifies the problem of data 
exchange between heterogeneous sources and the library by eliminating the 
combinatorial problem of handling multiple export formats. 
The data dictionary and exchange format are extensible to some extent 
since additional tags can be added to the schema without requiring the revision of 
existing data. 
Reliance on the ISO 8859-1 Latin 1 Standard character set means that 
catalogue data are technically restricted to Western European languages.57 The 
AMICO system does not, in any case, offer any support for data in any language 
other than English. 
The original focus of the project was on fine arts images. The data 
dictionary is adapted to this need. It is less easily applicable to architecture, 
natural sciences, ethnography and other types of cultural heritage collections. 
5.7 Mediation systems – the Aquarelle project 
Mediation systems attempt to go one stage further than AMICO towards 
entirely distributed access. The basic idea is that a central system acts as a 
mediator between the users and an array of heterogeneous and physically 
dispersed databases. Users address their queries to the mediation system, which 
then dispatches them to the various participating databases using the syntax and 
protocols appropriate to each. The results from all the databases are collated and 
the user is presented with a consolidated result set. The mediation system appears 
to function as a single resource, hiding the disparities and incompatibilities 
between the various data sources. 
                                                 
57 Some encoding problems with accented characters can be seen in the sample records. 
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The European Aquarelle project is one of the most successful projects to 
have applied the mediation approach to integration in the field of cultural heritage 
information. 
5.7.1 The Aquarelle project 
Aquarelle was a three-year project, initiated in January 1996. It was 
coordinated by the European Research Consortium for Informatics and 
Mathematics (ERCIM) and supported by the European Commission. It brought 
together partners from France, Italy, Greece and the UK (Annexe A3). The 
primary goal of the project was to enable integrated access to existing cultural 
heritage resources via the Web. Joconde, which we have already examined, was 
one of these. The databases that were to be integrated by Aquarelle cover a wide 
range of different cultural fields including architectural heritage, fine arts and 
historical museums. The project aimed to make cultural information available to 
researchers, publishers, museum curators etc., by providing uniform access to 
heterogeneous distributed databases and collections of data; linking the data 
within these databases, thereby enhancing its value; and offering support for 
multilingual terminology.  
The primary technical objectives of Aquarelle were as follows: 
Develop a resource discovery system for the cultural heritage information available 
in archive and folder databases  
Provide the technical facilities supporting information access through hypertext 
navigation as well as information retrieval by querying  
Offer to users the possibility to query either on a one-to-one basis through direct 
connection to a given archive server, or on an exhaustive associative search basis 
through broadcasting a query to a set of relevant archive servers 
Design and install intermediary Aquarelle servers, aiding users in formulating, 
expanding, refining, translating and routing queries. These servers should have also 
the role of managing connections and access rights  
Design and integrate an authoring environment supporting creation of multimedia-
derived products (folders), and encouraging reuse of reference information and 
multimedia assets available on the network. [AQUARELLE 1996] 
The technical architecture was based on four elements. The client 
workstation, using a standard Web browser and internet connection, 
communicates with an access server.58 This latter generates the HTML client 
interface and communicates with participating database servers, known in 
Aquarelle as archive servers. Communication between the archive servers and the 
access server was based on the Z39.50 (ISO 23590) protocol, which was 
originally developed for distributed access to library catalogues. Each archive 
server was responsible for running its own Z39.50 interface and for ensuring the 
semantic correspondence between the internal data schema used by the database 
and the Aquarelle schema. The fourth element, the folder server, was intended to 
                                                 
58 Not to be confused with the Microsoft product of the same name. 
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manage semi-structured text folders, which would be indexed and, it was hoped, 
integrated with structured information available on the archive servers. 
 
Fig. 16 – Aquarelle system architecture 
 
From a technical point of view, the Aquarelle project was undoubtedly 
successful. The application of existing technologies and resources enabled the 
project to benefit from previous experience. This is probably one of the key 
factors which contributed to the fact that Aquarelle, unlike many other projects in 
the field of cultural informatics, succeeded in meeting the major deadlines and 
respecting the overall planning. The federal and multilingual character of the 
technical approach was also a valuable asset in the European context, where 
partners are often sensitive about their specific cultural identity. Aquarelle 
recognised the need to create links between information from diverse sources.  
L’auteur d’un document doit être en mesure d’établir un lien explicite entre son 
propre texte ... et les autres documents sémantiquement reliés ... Ce concept de 
dossier réparti permettra d’offrir une information plus riche ... les liens entre les 
documents relatifs à un même thème enrichissant l’information primaire. 
[AQUARELLE 1996] 
The user interface and the three-tier architecture greatly facilitated 
installation and testing of the application. The need to install a specific client 
application, as with conventional client-server architecture, was avoided. Finally, 
one of the key technical challenges posed by the project was successfully met. 
Aquarelle demonstrated that it is effectively possible to provide a consolidated 
interface for the consultation, via the Web, of heterogeneous, distributed data 
sources. 
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It is, however, largely due to the success of the technical aspects of the 
project that a certain number of conceptual and semantic problems are thrown into 
sharp relief. 
5.7.1.1 The Aquarelle Data Schema  
The different archive servers made available via Aquarelle use divergent 
and incompatible data schemas. The project had to find a means to overcome this 
difficulty:  
...Une enquête sera réalisée visant à recueillir des descriptions précises des structures 
de données utilisées par les institutions culturelles... Cette information sera exploitée 
pour offrir aux utilisateurs la vision la plus riche possible de la documentation 
patrimoniale, en se basant sur le plus grand commun dénominateur des différents 
systèmes d’information. [AQUARELLE 1996] 
This passage reveals a contradiction inherent in the approach adopted by 
Aquarelle between the vision of information that is the richest possible, and the 
notion of the greatest common denominator. Aquarelle used a highly restricted 
data schema that contained just 30 elements of information, or access points, as 
they were known. (Annexe A4) This effectively made it easier for each database 
to conform to a unified data schema, but at the cost of sacrificing much of the 
domain-specific information that each database contained. It is precisely this sort 
of information that gives CHI its particular interest.  
In practice, the common denominator principle was not rigorously applied. 
The intersection of all the data elements used by all the different archive servers 
was too restricted to be useable; so many access points adopted by the project are 
not common to all the servers. This slightly unsystematic approach raises some 
difficulties for users of Aquarelle. According to the methodology, conflicts would 
not arise and consequently they were not handled: 
1. Certain access points can be used with some archives but not with others. The 
objectLanguage access point, for example, only applied to linguistic objects 
such as documents; contextArcheological, to archaeological objects, etc. The 
result of employing these criteria with inappropriate objects is undefined. 
2. Some access points, inherited from different sources, are semantically 
redundant and overlap with the function of others e.g. bibliographicTitle and 
objectTitle, processTechnique and materialMedium, periodName and 
stylePeriod. The semantic relationship between these access points is unclear 
and the user may be unsure as to which should be used with which archives. 
3. The semantic mappings between internal data schemas and the Aquarelle 
schema are not consistent across the range of data sources. PeriodName, for 
example, is only recognised by three of the databases, collection by two. 
Several access points, such as award, are recognised by none. The result of 
attempting to use these access points in formulating queries is undefined. The 
user is, in effect, obliged to consult a list of available access points for each 
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archive server and object type before formulating a query, sacrificing the 
homogeneity of the access server.59 
4. Finally, the semantic definition of certain access points is extremely vague, 
and open to a wide range of interpretations. Address, for example, is intended 
to contain a postal address “related to the work”, periodName “the period 
when an event in a work’s history is thought to have occurred”. The use of 
these access points, and the information they are likely to contain, become 
almost random. 
The general impression is that, as with the DC elements, consensus 
concerning the data schema was obtained at the price of semantic precision. This 
lack of precision has serious consequences for searches performed with Aquarelle 
as it significantly increases the level of “noise” in result sets. 
5.7.1.2 Absence of multiple entity types 
The Z39.50 protocol was adopted by Aquarelle for interrogation and data 
transfer between archive servers and the access server. Originally designed for the 
library community, it has been adopted as ISO 2359. It offers the possibility of 
constructing profiles for data exchange that take into account the different 
capacities and services that a server can offer. The protocol is also the basis of the 
CIMI profile for the exchange of museum data. [Sander 1977] The Z39.50 profile 
developed for the Aquarelle project took the CIMI profile as a starting point. 
CIMI considers Z39.50 as an essential component in the global integration of 
cultural heritage information: 
This mature standard represents two decades of thinking and debate within libraries 
and museums about how information retrieval can be carried out in a distributed 
environment, one where people in different places using different systems can 
exchange information at a deep and meaningful level. As museums and libraries 
throughout the world adopt this standard, cultural heritage information – including 
text, audio, and video – now held in “islands of information” will become uniformly 
available to anyone who has access to a computer terminal. [SANDER1997] 
However, the Aquarelle project considered that the use of Z39.50 as a data 
transfer protocol entailed a flattening of the information. The internal data 
representation used by the protocol is based on a simplistic model of pairs of 
labels and values. All data are contained in a single block, no joins are possible 
and the data cannot be structured as separate entities. A fortiori, an object-oriented 
approach was out of the question: 
Choosing the Z39.50 protocol implies that our underlying information model is “flat-
records-oriented” … The query capabilities of the Z39.50 wrapped data sources are 
limited to a) Boolean filters and b) projection on fixed attributes; they do not allow 
associative access (joins). [MICHARD 1998] 
                                                 
59 “ … not all the access points are supported by all the collections; that means that before running 
queries, it is necessary for you to know the access points supported by the collection chosen in 
your Target Set. Please, before choosing an access point, pay attention that it is supported by all 
the collections of your Target Set.” [Aquarelle User Guide] 
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The assumptions about the restrictions imposed on the data model by the 
Z39.50 may have been misplaced, but they nonetheless influenced the conception 
of the Aquarelle profile and access points. These restrictions are particularly clear 
when we consider the different access points defined with respect to the author of 
a work: creatorDateofBirth, creatorDateofDeath, creatorName, 
creatorNationalityCultureRace, creatorRole, etc. As the names of these access 
points indicate, all of them may be considered as attributes of the creator of the 
object, i.e. a person. Nevertheless, the Aquarelle profile treats all these access 
points as attributes of a work. This, as we have seen elsewhere, results in 
redundant data. Elements such as biography, nationality, and school are repeated 
for each object by the same author.  
All queries have to be centred on objects; research on an artistic school, an 
event or a person becomes complex. The only way to create a list of artists 
belonging to the same school or movement, for example, is to query by 
stylePeriod and then sort through the list of objects that are retrieved.60 
The need to repeat all the biographical details of every person related to 
each object has an impact on the level of detail that is supported. While the 
information concerning artists and creators is relatively rich, the level of detail for 
roles such as owner, or fieldCollector is much more limited. The name is often the 
only information provided. Similar difficulties exist for other entity types: events, 
places, documents, etc. In effect, the constraints imposed by the use of the Z39.50 
protocol go against one of the primary concerns of the project – to create a system 
that could be used for research. This suggests that Z39.50 is inadequate as a 
protocol for the integration of CHI.  
5.7.1.3 Lack of homogeneity of the data sources 
One of the goals of the project was to conceal that fact that data sources 
are distributed by presenting a unified interface: 
Le système d’information Aquarelle permettra la diffusion de requêtes vers tous les 
serveurs d’information susceptibles de contenir des informations... sans imposer à 
l’utilisateur de devoir les choisir a priori. [AQUARELLE 1996] 
While this goal may have been reached from a technical point of view, it is 
far from being the case with respect to the contents. The lack of homogeneity of 
the data sources remains apparent and means that users of the system are 
constantly obliged to adapt their search strategies to take into account the specific 
character of each data source – even to the extent of abandoning the use of 
distributed queries.  
Apart from differences in the semantic “mappings” of data sources already 
mentioned, each server also uses its own language and terminology. Hence, a 
                                                 
60 Assuming, of course, that the data registered in the stylePeriod field have been entered correctly 
and that the terminology being used corresponds to the user’s query. A search on the schools 
“Barbizon”, “impressioniste”, or “cubiste” on the Joconde database retrieves no records. 
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query on “English gardens” has to be composed in each language and as many 
separate queries: “English garden”, “jardino inglese”, “jardin anglais”, etc. This 
problem is due to the absence of the multilingual thesaurus that the Aquarelle 
project was intended to use: “Le projet Acquarelle exploitera les thesauri 
multilingues existantes pour traduire les requêtes des utilisateurs dans les 
différentes langues cibles.” [AQUARELLE 1996] Unfortunately, these 
multilingual thesaurus were found not to exist and were not created within the 
scope of the project.61 
As we have already noted, the construction of a multilingual thesaurus is 
not a straightforward matter. The terms used in the Aquarelle data sources provide 
examples of the difficulties described earlier: “landscape gardener”, for example, 
may be translated into French as “paysagiste”, but the same French term is also 
used in the sense of “landscape painter”. In such cases, automatic translation of 
query terms would be likely to give erroneous results. 
Regardless of whether language-neutral searching is possible, Aquarelle 
returns the results of distributed searches in the native language of the database, 
which is not necessarily comprehensible to the user.  
Other problems of homogeneity are due to the inconsistent quality of the 
data in the various data sources. Certain databases contain more detailed 
information than others, not just in terms of the breadth and scope of coverage, 
but also in terms of the depth of the information. The effect is that a 
disproportionate number of results tends to be returned by detailed resources, 
concealing relevant but less well documented material from others. 
5.7.1.4 User interface 
As we have already noted, the Aquarelle user interface can be considered 
as a technical success. The aesthetic and functional aspects of the interface are 
well thought out. However, the clarity of the interface tends to highlight 
fundamental problems with the conception of the search tools. 
After having established a connection with the system, the user must first 
indicate to which archive servers the queries will be directed, from a list of 
available resources (resources may periodically go offline).  
                                                 
61 Curiously, the Aquarelle brochure already recognised the existence of this problem without, 
however, drawing the necessary conclusions: “La normalisation de la terminologie utilisée pour 
décrire et indexer les entités formant le patrimoine culturel est également nécessaire. Cette 
normalisation est difficile à atteindre dans un environnement multilingue.”. [Aquarelle 1996] 
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Fig. 17 – Aquarelle, resource selection screen 
Resources are classified by domains, but the meaning of these categories is 
far from clear. What is the distinction, for example, between “Listed buildings” 
and “Architecture’? What sorts of images are handled by “Picture libraries”, and 
what sorts of collections are found in “Museums’? Certain resources are present in 
several categories, indicating that these are not exclusive. The resource names, 
“SCRAN”, “Merimee at Bull”, “RCHME (subset) at CNUCE” are not at all 
explicit and do not indicate the nature of the information they contain. 
However, these problems are relatively minor. More serious difficulties 
arise with the formulation of queries. Aquarelle offers three possibilities: free text 
searching, generic searching based on four “themes” (similar to those used by 
AMICO) “who, what, where, when”, and specific searching which is structured by 
access points. (A fourth possibility, multi-alphabet, is a variant of structured 
searching intended to offer special facilities for dealing with different character 
sets.) 
Free text searching requires the user to formulate a list of key words and 
phrases. These can be combined with Boolean operators. Using this possibility 
entails the use of a formal syntax, but tends to give imprecise results because it is 
not possible to specify to which access points the key terms of the query 
correspond. Free searching combines the inconvenience of difficult query syntax 
with lack of precision in the results. 
Generic queries are an innovation since they offer the user a simple and 
apparently intuitive path for the formulation of queries. The query screen contains 
a field for each theme: 
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Fig. 18 – Aquarelle generic query interface 
Each of the four themes corresponds to one or more access points, 
according to which archive server is concerned. The themes thus represent meta-
categories of information and allow the formulation of queries concerning actors, 
objects, places and chronology. 
These four query criteria are aimed at inexperienced users who have not 
mastered the subtleties of an interrogation language based on multiple access 
points. The semantics of the four criteria seem intuitive and do not require 
complex explanations. However, using the generic query interface is not as simple 
as may be imagined:  
1. The correspondence between the search criteria and the internal schema of the 
different data sources is vague and tends to result in noise. Each criterion is 
used to search through any fields that may be connected with the notion it 
represents. The semantics of the fields that are used vary greatly from one data 
source to another. The name of a previous owner, for example, is treated in 
exactly the same manner as a creator. Sets of several thousand documents can 
easily be created. The user has no means of refining the search by using more 
specific criteria. 
2. Surprisingly, even these four high-level generic themes are not recognised by 
all the participating data sources. When, for example is accepted by only four. 
These gaps make cross-database queries extremely difficult. It is the user’s 
responsibility to check that a given archive server supports the relevant search 
criteria. 
3. Search precision is greatly diminished by differences in language, spelling, 
syntax and terminology between the archive servers. Matching with the search 
conditions has to be exact, or no documents are returned. A generic 
replacement character is supported at the beginning or at the end of any field, 
but this is not sufficient to compensate for the wide divergence of data values 
found in the different sources. 
 102 
Specific queries allow each access point to be used as a distinct search 
criterion. Several search conditions can be combined using Boolean operators and 
brackets. This query interface permits a far greater degree of precision than the 
two so far described. However, many of the same problems still persist: the lack 
of homogeneity of the data and problems with terminology and language combine 
to make interrogation difficult and unreliable. As with the Joconde database, these 
problems are exacerbated by the absence of indications concerning what might be 
found. It is almost necessary to know the results of the search in order to 
formulate an accurate query. 
Finally, the specific query module highlights a major technical problem 
with multiple alphabets. As mentioned earlier, a specific query interface is 
available to allow queries to be formulated on material in Greek. Unfortunately, 
the use of a non-Latin alphabet is almost impossible on standard workstations. 
The entry and display of non-Latin characters create considerable problems. The 
use of non-Latin resources remains, for the present, entirely theoretical. 
5.7.1.5 Presentation of data 
The way in which information is presented is subject to the same problems 
as the Joconde database. Data are presented as a simple list of values, without any 
apparent order or structure. The difficulty of reading the information is increased 
by the apparently random repetition of field labels, often with no associated data, 
the presence of fields that are completely undefined in the Aquarelle specification 
and which therefore have no semantic definition, and the frequent failure of data 
to respect syntax and terminology constraints. A sample record of a work by 
Cézanne can serve as an example (Annexe A5). The subject field is repeated four 
times but filled only twice. The relatedObjects field is repeated five times and 
filled only once, but with several names. The nature of the relationship between 
these people and the object is not defined. The place field, which is not one of the 
Aquarelle access points, contains the value “Paris; Musée d’Orsay”, which is in 
apparent contradiction with the field repositoryName which indicates “en dépôt; 
Aix-en-Provence; Musée Granet”. The field creatorDateOfBirth is empty. The 
field stylePeriod, which is repeated twice, contains only the word “France” (rather 
than école française as one might expect). The dimensions of the work are not 
given and the description is succinct in the extreme. Various undefined fields, 
such as cimiObjectName and cimiObjectTitle, apparently inherited from the CIMI 
profile, are included in the record. 
Interpretation of this record allows us to suppose that a painting by Paul 
Cézanne exists, but we are unable to establish the title, the dimensions, the date of 
execution, and the current location of the work – all of which contribute to the 
identity of the object. The data are extremely summary, and their correct 
interpretation requires a certain level of knowledge of the subject. The system 
does not offer any possibility to expand the terms used nor to identify the people 
referred to. If Joconde offers records straight from the database, without any 
particular attention to presentation, here they are filtered and distorted through an 
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impoverished semantic framework that almost guarantees the production of 
nonsense.  
5.7.1.6 Folder servers 
Some of the questions relating to the fragmentation of information are 
addressed by the notion of folder servers, one of the innovative aspects of the 
project. These servers are intended to meet several objectives: 
1. to allow the integration of unstructured information – texts, brochures, 
catalogues, etc.  
The total documentation of the cultural heritage is much richer than the basic records 
stored in database systems. Museum curators, researchers, archaeologists and all those 
specialists of this area have described art works, monuments, archaeological sites, etc. in 
textual monographs, articles, maps, plans,drawings, bibliography etc. The cultural 
heritage, as a whole, is thus composed of numerous interrelated components. 
[AQUARELLE 1996] 
2. to offer richer, more readable contextual information, organised in accordance 
with narrative, presentation or pedagogical requirements: 
[Des œuvres exposées] sont présentées accompagnées d’informations sur leur “contexte” 
historique, social, biographique, technique, choisis en fonction du fil conducteur conçu 
parle conservateur. 
[Les dossiers] jouent un rôle très important dans le projet, en ce qu’ils offrent aux 
utilisateurs une méthode d’accès privilégiée aux serveurs d’archives: les notices de 
référence y apparaissent enrichies par toutes les connaissances informelles… relatives aux 
entités patrimoniales. [AQUARELLE 1996] 
3. to allow the creation of links between distributed folders and data contained in 
the archive servers: 
L’auteur d’un dossier documentaire doit pouvoir y inclure des références directes à des 
documents élémentaires disponibles sur un serveur d’information quelconque. 
[AQUARELLE 1996] 
From a technical point of view, folders are simply collections of SGML 
documents. The Aquarelle project builds on the DTD developed by CIMI and 
uses the same access points as for the archive server. SGML mark-up tags allow 
the semantic content of the document to be indicated. The name of an artist, for 
example, should be surrounded by the appropriate codes in order to make it 
machine-readable. Standard SGML indexing tools can be used to extract this 
information and place it in search indexes. As with HTML it is possible to 
incorporate images and to add links from SGML documents to database records 
and to other SGML documents. SGML documents are considered, in a sense, as 
an extension to the structured data and can be retrieved using the same search 
tools: 
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The folder-profile DTD provides for a simple set of descriptive fields that can be 
searched directly in the same manner as object data held on Archive Servers… In 
many respects Folder Servers and Archive Servers can be treated simply as data 
servers serving different types of content. [MICHARD 1998] 
This approach has a number of advantages:  
• It recognises the importance of textual information for expressing rich 
semantics that cannot be captured in structured data fields.  
• It recognises also the presentation value of text as opposed to 
structured data. The use of hypermedia text allows not just the 
documentation of objects, but the creation of a discourse or narrative. 
• It recognises the fact that important sources of information exist – 
catalogues, brochures, articles, etc. that cannot readily be converted 
into structured data and which are often neglected in information 
systems. 
However, the practical results are rather disappointing. Few folders are 
available and their quality is mediocre. Several factors make the system 
impractical: 
1. The introduction of SGML tags into existing text is time-consuming and 
complicated. Tools available for this function are unsatisfactory. In order to 
arrive at satisfactory results, it is essential to understand the content of the text 
as well as the technical aspects of SGML. It would be unrealistic to expect 
non-specialists to succeed in marking up text. 
2. Tools for the consultation of SGML documents are more expensive and more 
difficult to use than comparable HTML tools. The appearance of SGML 
documents is also disappointing when compared to HTML. 
3. The choice of elements to be marked up within the text also presents some 
difficulties. If a person is mentioned several times within the same text, should 
each occurrence be marked? If not, which occurrence?  
4. The treatment of marked-up texts as extended database entries raises some 
fundamental questions: a) Presentation of information within the text 
corresponds to grammatical, linguistic and stylistic conventions. Proper names 
are seldom accompanied by the biographical details of the person concerned, 
and their format varies considerably according to the context. The simple act 
of identifying certain character strings in a document with data access points is 
not sufficient to transform the document into a structured data source of the 
same nature as a database record – much of the text data is likely to be 
incomplete, or present in incompatible forms. b) Text is not normalised. 
Whereas a well-structured database record deals with one item at a time, this 
is not the case with a text, which will usually deals with several objects, 
people, and events, and the relations between them. The information contained 
in a text corresponds more to a database projection using joins. The “mark-up” 
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of Aquarelle access points does not offer a level of analysis sufficient to 
capture information of this complexity. Grouping problems are likely to 
arise.62 
5. Finally, it is important to realise that the management of SGML documents is 
subject to the same problems as the manual editing of a website. Creating and 
maintaining SGML is, if anything, more complex than with HTML and runs 
into similar problems of scaleability. Different language versions have to be 
translated individually. The investment needed for the translation and mark-up 
of large volumes of documents is considerable. In view of these limitations, 
the use of SGML folders cannot be considered as a viable long-term solution. 
5.7.2 Evaluation 
Two major problems arise as a result of the Aquarelle’s federated 
approach to integration. The first of these is the difficulty of achieving reliable 
and adequate levels of performance. Distributed queries over Internet are time-
consuming, and the dynamic mapping processes that take place at every stage are 
an added cost factor. The need to collate the entire result set means that the 
interrogation process is effectively limited by the performance of the slowest 
element. A single networking failure occurring within the distributed network of 
databases can cause an entire query to crash, or compromise the result set. The 
second problem arises from the need to optimise the speed of the mapping 
process, whilst preserving the structure and functionality of the underlying native 
database. This means that the federating schema has to be simplified in the 
interests of performance. Aquarelle opted for a “common denominator” approach 
and a restricted range of access points. But, even after this “dumbing down” has 
been performed, a great deal of information remains incompatible and 
inaccessible due to divergent terminology – the end-user is still obliged to 
formulate specific queries for each target database, effectively undermining the 
federated approach. 
Aquarelle, it is true, is not an application in production but a test platform 
which represents a step towards the realisation of a global system for CHI. In spite 
of the technical success of the project, the general objective of providing access to 
cultural heritage to a wider public has clearly not been reached, since, as it stands, 
the system can only be used by trained experts. Many of the difficulties are more 
conceptual than technical: how can a variety of languages, conceptual schemes 
and incompatible disciplines be integrated without sacrificing semantic depth and 
variety? How can presentation problems be overcome in order to render the 
information comprehensible and attractive? How can navigation and querying be 
                                                 
62 The Aquarelle documentation frequently gives the impression that each folder will only contain 
information relating to a single item: “Folder servers hold structured documents, called folders, 
that describe or make reference to data stored on archive servers or other folder servers. Such 
folders contain specific information pertaining to a topic or a particular art work…” [Aquarelle 
1996] Elsewhere, it is clear that a folder may deal with several objects: “Aquarelle provides access 
to folders, i.e. SGML documents typically providing information relating to groups of objects.” 
[Michard 1998] 
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made intuitive for non-experts? The approach adopted by Aquarelle may not offer 
adequate answers to these questions, but it does throw them into sharp relief. 
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6 The CIDOC Conceptual Reference Model 
The attempts at integration we have examined thus far are all inspired by 
essentially pragmatic considerations and do not have any firm conceptual basis. 
We have argued that, given the rich complexity of cultural heritage information, 
the absence of an explicit conceptual scheme gives rise to semantic ambiguities, 
oversimplification and an important loss of detail. The CIDOC Conceptual 
Reference Model (CRM)63 is intended to fill this gap, providing a clear semantic 
framework against which different schemas can be compared and which can thus 
form the basis for mediation between heterogeneous sources of information. In 
terms of the general theoretical frame for information systems we have described 
in the first chapter, the CRM is intended as a conceptualisation of the information 
required for the domain of cultural heritage. 
6.1 Goals of the Conceptual Reference Model 
Largely in reaction to the experience of previous integration projects, the 
CRM was designed with the following specific goals in mind [DOERR 1999]: 
• to cover all aspects of cultural heritage documentation needed for 
exchange of information in a global context 
• to allow documentation of partial and contradictory knowledge 
• to allow integration and exchange without semantic loss between 
relatively “richer” and “poorer” schemas 
• to provide a clearly defined, extensible framework for future 
development. 
6.2 Background to the Conceptual Reference Model 
The CRM is a domain ontology for cultural heritage information. The term 
ontology is derived from philosophy, where it refers to the assumptions about 
existence underlying a particular worldview, in other words what sorts of things 
exist in the world and what the relationships are between them.64 In computer 
science, the term has taken on a more specific meaning and refers to the formal 
definition of a philosophical ontology. [Guarino 1998] The CRM is an ontology in 
this latter sense since it aims to define and clarify a set of underlying concepts. 
                                                 
63 The author participated in the conception and development of the CIDOC CRM as co-chair of 
the working group from its inception in 1994 until 1999, and subsequently as convenor of the ISO 
working group responsible for its acceptance as an ISO standard. 
64 This is, at least, one of the senses in which philosophers use the term. 
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Qualifying the CRM as a domain ontology further refines the notion: the CRM is 
intended to cover a specific area of interest, not the whole universe. Paraphrasing 
the initial definition we can say that the CRM provides a formal definition of 
assumptions about what sorts of things exist, and the relationships between them, 
in the context of cultural heritage information. 
6.2.1 Data schema and ontologies 
The CRM was developed by the ICOM/CIDOC documentation standards 
working group. The group decided to develop the CRM as an extension to and 
finally as a replacement for the existing CIDOC relational data model. [CIDOC 
1994] By 1995, this data model had arrived at the limits of manageable 
development. The model still needed to be extended and refined in many areas, 
but the number of entities was growing exponentially65 and the overall structure of 
the model was no longer apparent, even to the authors. One of its key objectives – 
to provide a framework for understanding cultural heritage information – was not 
being fulfilled. 
Development of the original CIDOC relational model had been prompted 
by the need to provide a common framework for the exchange of cultural heritage 
information. The data model was developed on the assumption, common at the 
time, that identical data structures were required if data exchange were to be made 
possible. [REED 1993] By 1995, this view was being replaced by a new vision 
based on the possibility of mediation systems capable of managing data from 
heterogeneous sources. This new vision prompted a shift from seeing the CIDOC 
data model as a low-level blueprint for a database schema to that of a high-level 
conceptual definition. Viewed in this new light, many conceptual shortcomings of 
the existing CIDOC data model became apparent – its design integrated 
computational considerations and implementation decisions at the expense of 
conceptual clarity. The group realised that a new approach was required, one that 
would provide the common ground needed for the development of compatible 
information systems but which did not predefine implementation issues. 
The fundamental distinction underlying this new approach is that between 
a high-level conceptualisation such as an ontology and a data schema. While both 
provide a structure for the representation of information, the focus of interest is 
different: the ontology aims for conceptual accuracy – a faithful representation of 
the entities, concepts and relationships that are common to a given domain – 
whereas a data schema is intended to provide a blue-print for the design and 
construction of a practical storage system. The original CIDOC data model was 
clearly a data schema because it defined a specific representation for cultural 
heritage information that was heavily influenced by pragmatic implementation 
considerations. The underlying concepts can be derived from this data-level 
representation but are not clearly revealed. By contrast, the CRM is intended to be 
a conceptualisation. It aims to specify and clarify the concepts that are needed for 
                                                 
65 The final version of the relational data model contained a total of 430 entities. 
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the exchange of cultural heritage information. In principle, many different data 
schemas can be defined that remain faithful to this conceptual schema. 
This orientation of the CRM as a domain ontology means that 
implementation-level questions are not addressed. In particular, the CRM makes 
no assumptions about business procedures and institutional rules, it contains no 
methods or procedures, it does not define validation rules and constraints – other 
than those required for structural compatibility with the CRM – nor does it define 
data formats or user interface elements. Using the CRM does not ensure byte-
level or data-level compatibility between different systems; it can, however, help 
to ensure conceptual compatibility. 
6.2.2 Choice of the oo data model 
The CIDOC documentation standards group decided to adopt an object-
oriented formalism for the development of the CRM. This decision was motivated 
by several factors: 
• The object-oriented data model provides a mechanism for hiding 
unnecessary detail. Low-level entities, for example, which deal with 
specific details, can be omitted when presenting the model, thereby 
clarifying the general structural aspects.66  
• Sophisticated modelling tools and languages exist for developing, 
maintaining and manipulating oo schemas. 
• The oo data model effectively encompasses the familiar elements of 
entity-relation modelling, while providing a more sophisticated 
semantic vocabulary – it remains “backwards compatible”. 
• The oo model provides mechanisms for extension (notably through 
specialisation) and is more readily maintained than a relational model. 
It is worth emphasising that the fundamental aim of the CRM is to provide 
a formal definition of the concepts used in cultural information. The oo data 
model was chosen for the definition and presentation of the CRM because it was 
considered practical and offered a high-level of semantic expressiveness. 
However, the use of the oo data model is not intended to influence decisions about 
implementation issues.  
6.2.3 Initial restrictions to the scope and depth of the CRM 
For practical reasons, the scope and depth of the initial version of the CRM 
were intentionally restricted. This was to ensure that the scale of the project 
                                                 
66 The difficulty of ploughing through dense and detailed specifications had previously motivated 
the creation of a high-level “graphical” representation of the original data model which bears a 
striking resemblance to the main features of the CRM. [REED 1993] 
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remained manageable, but also to facilitate the passage from the existing 
relational data model by emphasising continuity. 
The primary constraint on both the depth and scope of the first version of 
the CRM was the decision to limit coverage to items of information that were 
explicit or implicit in the ICOM/CIDOC International Guidelines for Museum 
Object Information. [CIDOC 1995] This document, published in 1995, was edited 
by a joint team of the CIDOC Data and Terminology and the Data Model 
Working Groups. It resulted from the convergence of two parallel initiatives: the 
Information Categories for Art and Archaeology Collections [CIDOC 1992] 
(unpublished), and the CIDOC Relational Data Model [CIDOC 1994], both of 
which had been in gestation since 1980. The Guidelines contain a description of 
recommended information categories, organised into information groups, along 
with comments about use, formatting, syntax, examples and suggested 
terminology. It represents the fruit of many years of collective effort and 
reflection concerning museum information, and constituted an obvious starting 
point for the development of the CRM. The first published version of the CRM, 
Melbourne 1998, covers all the information categories contained in the 
Guidelines, with the exception of elements that fall outside the theoretical scope 
of the CRM.  
The Guidelines provided a convenient basis for development of the CRM 
but effectively meant that the it inherited some of the limits and shortcomings of 
the original document. While information concerning the fine arts is relatively 
detailed, for example, coverage of the natural sciences, ethnography and 
archaeology is not well developed. This bias is still reflected, though to a lesser 
extent, in later versions of the CRM. 
6.2.4 Scope definition 
The scope of subsequent versions of the CRM has been progressively 
expanded, largely through the results of “mapping” exercises: detailed 
comparisons with other data schemas intended to reveal lacunae in the CRM. As a 
result of the accumulation of a number of modifications and enhancements, it 
became evident that a clear theoretical foundation was needed to provide criteria 
for the inclusion or rejection of potential extensions. This resulted in a proposal 
for a formal CRM scope definition. [CIDOC 2001b] A slightly modified version 
of this document was subsequently ratified by the CRM Special Interest Group 
(SIG). 
A formal scope definition is essential both for the sake of clarity and to 
avoid the ontology expanding indefinitely. The definition is based on a distinction 
between the theoretical scope of the CRM – what it is intended to cover – and the 
practical scope – the area that it does in fact cover. The theoretical scope is 
expressed as a definition of principle that defines the criteria for inclusion or 
exclusion from the model. The practical scope is expressed as a set of reference 
documents – data schemas, terminologies and guidelines – that have been 
analysed and incorporated into the CRM. The theoretical scope provides the basic 
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criterion for the selection of appropriate reference documents. The practical scope 
is very nearly co-extensive with the content of the reference documents; some 
elements contained in the reference documents fall outside the theoretical scope 
and are excluded from the model. This is the case, for example, with information 
relating to collections management and technical elements concerning data 
formatting. 
The practical scope is also limited by contingent factors such as the 
availability of resources, the workload of the authors, and technical 
considerations. The practical scope is, necessarily, a subset of the theoretical 
scope. The practical scope can be expected to expand progressively as new 
reference material is integrated. The theoretical scope, on the other hand, should 
remain fixed, insofar as it corresponds to the long-term objectives of the CRM-
SIG.  
6.2.4.1 Theoretical scope 
The theoretical scope of the CRM is formulated in the following terms: 
The intended scope of the CRM may be defined as all information required for the 
scientific documentation of cultural heritage collections, with a view to enabling 
wide area information exchange and integration of heterogeneous sources.  
The term scientific documentation is intended to convey the requirement that the 
depth and quality of descriptive information that can be handled by the CRM should 
be sufficient for serious academic research into a given field and not merely that 
required for casual browsing. This does not mean that information intended for 
presentation to members of the general public is excluded, but rather that the CRM is 
intended to provide the level of detail and precision expected and required by 
museum professionals and researchers in the field.  
The term cultural heritage collections is intended to cover all types of material 
collected and displayed by museums and related institutions, as defined by ICOM. 
This includes collections, sites and monuments relating to natural history, 
ethnography, archaeology, historic monuments, as well as collections of fine and 
applied arts. … 
The documentation of collections is intended to encompass the detailed description 
both of individual items within collections as well as groups of items and collections 
as a whole. The CRM is specifically intended to cover contextual information: the 
historical, geographical and theoretical background in which individual items are 
placed and which gives them much of their significance and value. The goal of 
enabling information exchange and integration between heterogeneous sources 
determines the constructs and level of detail of the CRM. It also determines its 
perspective, which is necessarily supra-institutional and abstracted from any specific 
local context. [CIDOC 2001b] 
It can be seen from the above definition that the theoretical scope of the 
CRM accords closely with the definition of the domain of cultural heritage 
information we have proposed in Chapter 2. We note in particular that the scope 
of the CRM is distinct from that of museum information systems, and that it is 
specifically intended to cover contextual information relating to collection items, 
that it is supra-institutional and pluri-disciplinary. 
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The “supra-institutional” viewpoint adopted by the CRM is particularly 
important since it allows symmetric exchange and integration of information from 
different institutional sources. It is commonplace for closed local systems to adopt 
an institution-centric viewpoint. This is reflected in the use of terminology used to 
describe transactions such as “acquisitions” and “loans”. In a collaborative 
information environment, both parties engaged in a transaction have equal status, 
loans, purchases and similar events have to be described in neutral terms to avoid 
ambiguity. The CRM uses “transfer of title”, for example, to describe a 
sale/purchase transaction.  
6.2.4.2 Practical scope 
At the time of writing, the practical scope of the CRM encompasses the 
following references; further mappings are in preparation: 
• CIDOC Guidelines for Museum Object Information 
• Dublin Core  
• Art Museum Image Consortium (AMICO) (with the exception of data 
encoding information)  
• Encoded Archival Description (EAD)  
• MDA SPECTRUM  
• Natural History Museum (London) John Clayton Herbarium Data 
Dictionary  
• National Museum of Denmark GENREG. 
The CRM scope definition implies a strategy for the progressive extension 
of the practical scope towards the theoretical scope, which appears well adapted to 
a collaborative and consensual context. However, a possible disadvantage of the 
strategy is that the practical scope cannot expand further than the maximum 
collective extent of all existing documentation standards. It may transpire that this 
scope falls significantly short of the intended goal of the CRM: to allow exchange 
and integration of CHI. As we have already argued, existing documentation 
systems used in cultural heritage institutions were mostly designed to meet 
limited, domain-specific, institutional goals, and the information they contain 
often lacks the depth and scope to which the CRM aspires. Data schemas designed 
for the storage and exchange of this information, particularly those such as Dublin 
Core, which adopt a minimalist strategy, can be expected to reflect these inherent 
limitations. There is a risk that the evolution of the practical scope of the CRM 
may become artificially shackled by its references. 
6.2.5 Future development of the Conceptual Reference Model 
Although originally developed by the CIDOC document standards 
working group, the CRM is now maintained by the CRM Special Interest Group 
(CRM-SIG), organised by CIDOC but open to non-members. (Annexe A6) 
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Version 3.2 of the CRM is currently being processed by ISO TC 46 SC4 WG9 for 
publication as an International Standard.67 This will transfer formal responsibility 
for the publication, review and maintenance of the CRM to ISO. 
6.3 Conceptual Reference Model oo model concepts 
6.3.1 General oo concepts 
The CRM makes use of several basic object-oriented concepts. These 
should be familiar to anyone used to object-oriented programming or design. The 
following comments and definitions are intended to clarify the precise sense of 
various common terms as used in the context of the CRM. It is important to bear 
in mind that this choice of vocabulary was influenced by the need to conform to 
common usage in the realm of cultural heritage documentation and consequently 
diverges in some respects from standard object-oriented terminology. 
Classes are the basic conceptual units of the CRM. (They are also 
sometimes referred to as entities in line with terminology used for the previous 
CIDOC relational model.) Classes are defined by their specific attributes and by 
their position in the class hierarchy. “Person”, “Event”, and “Place” are examples 
of classes. The person known as “Tony Gill”, the period known as “The Battle of 
Britain”, and the place known as “The City of Geneva” are examples of particular 
instances of these entities. In simple terms, the CRM defines classes, whereas a 
database would contain instances of classes. All classes in the CRM are assigned 
a unique code (of the form “En” where “n” is a numerical value). It should be 
noted that the numbering of classes is not continuous: to avoid confusion, 
numbers previously assigned to deprecated classes are not re-used. This 
identification code is common to all language versions and allows the names of 
classes to be revised.68 
A class’ attributes are its defining characteristics: a person, for example, 
might have attributes such as “name”, “title”, “position” and “telephone number”. 
In the CRM, all attributes are defined as properties that link to other classes. A 
person’s name, for example, is defined as a link to the appellation class; “date of 
birth” is defined as a property of the Birth class linking to the time-span class. 
Following the chain of property links always leads eventually to a primitive class: 
string, number, date, etc., which is considered as predefined by the system. The 
advantage of modelling in this manner, rather than by defining attributes directly 
as primitive types, as is commonplace in relational database design, is that the 
general categories of a class’ attributes are immediately apparent. Logic that 
applies to all chronological information, or to all names and appellations, can be 
defined and applied directly. 
                                                 
67 http://www.niso.org/tc46sc4.html 
68 This flexibility also proved useful from a methodological point of view, providing a means to 
avoid endless discussion of purely terminological issues. 
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The general class hierarchy used by the CRM is a simple IsA structure 
composed of subclass and superclass relations. Each class or entity “is a” subclass 
of the immediate superclass. In accordance with standard oo practice, subclasses 
automatically inherit the attributes of their superclass. General properties are 
defined at the top of the class hierarchy. Each “layer” adds more specific 
attributes. Classes at the bottom of the hierarchy are the most detailed and specific 
since they accumulate all the attributes of the superclasses above them. 
The CRM occasionally makes use of multiple inheritance. This means that 
certain classes are defined as having two or more direct superclasses. They 
thereby inherit characteristics from all of them. E35 Title is a case in point. This 
reflects the dual nature of titles, which can be seen both as linguistic objects (E33) 
and as appellations (E41). 
6.3.2 CRM specific concepts 
The CRM also makes use of some specific concepts and constructs that do 
not form part of any standard oo methodology. 
6.3.2.1 The type hierarchy  
The CRM uses a parallel type hierarchy along with the class hierarchy to 
define class specialisations. The type hierarchy is essentially a hierarchical 
authority list or thesaurus, containing the names of all the CRM classes. (The type 
hierarchy is in fact an instance hierarchy since the elements of which it is 
composed are all instances of the “E55 Type” class.) All classes in the CRM have 
a “has type” property, which enables instances to be linked to one or more types 
in the type hierarchy. 
The type hierarchy duplicates the structure of the CRM class hierarchy, i.e. 
each class or entity in the CRM class hierarchy has a corresponding entry in the 
type hierarchy, and the IsA relations of the class hierarchy are reproduced as 
Broader Term/Narrower Term relations. However, the type hierarchy may also 
contain supplementary levels of detail that are absent from the class hierarchy. In 
other words, the type hierarchy can provide a more detailed level of specialisation 
than the class hierarchy itself. The hierarchy cannot be used, however, to define 
additional or modified properties for specialisations of classes. As the name 
suggests, its role is restricted to sub-typing of existing classes. 
The type hierarchy serves several purposes: 
• It allows a finer level of semantic granularity to be expressed than is 
directly supported by the CRM class hierarchy. Subtypes of existing 
classes can be defined to express subtle distinctions that would 
otherwise be lost. 
• It provides a mechanism whereby relational database systems can 
implement the CRM class hierarchy in the absence of native object-
oriented facilities (as is the case with the Musinfo project discussed in 
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following chapter).  
• It provides a simple and flexible mechanism for incorporating 
extensions to the CRM without the need to modify the basic class 
hierarchy. 
• It provides a mechanism for allowing systems that support only a 
subset of the full CRM hierarchy to maintain information about CRM 
classes by converting unsupported classes into sub-types of those that 
are supported. 
• The type hierarchy also defines some key concepts required by the 
model but which are not declared as classes: Language, Material, 
Measurement Unit and Gender. 
6.3.2.2 Shortcuts 
Apart from the standard attribute links between entities, the CRM also 
proposes some redundant, direct links, referred to as shortcuts. These shortcuts are 
intended to fulfil two requirements: 
• the need to provide a simple alternative to a fully developed chain of 
attribute links, for systems that do not require the level of semantic 
detail implied by the complete version, 
• the need to provide a means for optimising data access in systems 
where long paths of multiple joins are costly to implement. 
The CRM documentation suggests that, generally speaking, either the fully 
developed link path or the shortcut should be implemented. [CIDOC 1998] 
However, practical considerations may require that both mechanisms be 
implemented, in order to provide both semantic detail and acceptable 
performance. The shortcut mechanism is discussed in more detail below. 
6.3.3 Some concepts conspicuous by their absence 
Two standard modelling elements are not used in the CRM: object 
methods and validation rules. The working group decided to omit both of these 
elements for two reasons: 
Firstly, the CRM is explicitly designed to avoid dealing with 
implementation issues since these depend on particular systems designs and local 
requirements. Methods, constraints and validation rules are best defined in the 
context of institutional practice and requirements and must therefore be 
considered as implementation-specific. The CRM is intended to provide a general, 
supra-institutional framework for all cultural heritage information, so methods 
and validation rules are left undefined. Appropriate methods and validation rules 
should be designed when developing an implementation of the CRM. 
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Secondly, and more importantly, the application of constraints and 
validation rules to CHI is inherently problematic. Cultural information is often 
incomplete and contains contradictory propositions and references that cannot 
easily be resolved. Validation rules designed to ensure logical coherence within 
datasets may result in arbitrary decisions being made during data entry and, 
consequently, distortion of the information. Cultural heritage information systems 
have to be designed so as to allow apparently inconsistent data to be recorded. 
Many such inconsistencies, rather than being due to errors, are simply a reflection 
of the imperfections of the historical record and the current state of our 
knowledge. Furthermore, there is a high probability that the integration of 
heterogeneous sources of information will reveal inconsistencies between 
datasets, many of which cannot be readily resolved. 
6.3.4 Some implementation tasks 
Although the CRM does not deal with implementation issues, it can 
nonetheless be used as the basis for the design of a working information system. 
In the next chapter we shall look in more detail at the issues involved in 
transforming the CRM into a working design. The following list enumerates some 
of the main tasks that need to be accomplished in order to implement a CRM-
compatible information system. It is included here primarily to highlight those 
aspects of a practical system that are not specified by the CRM itself. 
• Prune and extend the CRM schema to meet domain-specific 
requirements. Some of these adaptations may be implemented through 
modification of the E55 type hierarchy, but a working application is 
also likely to require classes that fall outside the scope of the CRM. 
• Implement mechanisms to allow specialisation and inheritance. Again, 
this may be achieved through use of the E55 type hierarchy, or more 
simply by using an object-oriented DBMS. 
• Design and implement appropriate data validation rules. These need to 
be designed to avoid errors without placing unrealistic constraints on 
the data to be entered. 
• Elaborate formats for data exchange and import. The CRM does not 
define any specific format for data exchange, though members of the 
SIG have proposed some examples of CRM-compatible data formats 
using XML and RDF.  
• Design and develop appropriate object methods, functions, and 
procedures for handling the dynamic aspects of the application. The 
CRM does not specify any processing algorithms.  
• Design and build the user interface. The CRM does not specify or 
require any particular form of user interface. 
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6.4 Overview of the Conceptual Reference Model schema 
A complete, formal definition of the current version of the CRM is 
available as a text document from the CRM-SIG website. [CIDOC 2001] This 
document defines all the classes of which the CRM is composed, their position in 
the class hierarchy, and their properties. Scope notes and examples accompany 
each definition. The document is intended essentially as a reference: it is precise 
and explicit but does not make it easy for the reader to get a general picture of 
how the CRM is organised. The following comments are intended as a general 
overview of the CRM – highlighting its main elements and explaining some of the 
reasoning behind its conception.69 
6.4.1 Main branches of the hierarchy 
The schema below presents the main branches of the class hierarchy, 
omitting detailed subclasses, and property links. Version 3.2 of the CRM defines 
76 classes in all, 17 of which are presented in the overview given here. 
                                                 
69 This description refers to version 3.2 of the CRM, which was current at the time of writing. 
 118 
E1 CRM Entity




E41 Appellation E55 Type
E59 Primitive Value
E54 DimensionE52 Time-SpanE77 Existence






Fig. 19 – Overview of the CRM 
E1 CRM Entity is the parent class for all the main classes in the model. 
E59 Primitive value is a container for primitive types, which are not 
further analysed. At present it contains three subclasses: String, Number, and a 
“Time primitive” used for handling chronological information. 
E2 Temporal entity groups together periods, events, and states, all of 
which take place in time. 
E77 Existence groups together all things, material or immaterial, that can 
be said to exist in time, i.e. they come into being, exist for a certain period, and 
eventually cease to exist. This class has been renamed Persistent Item in the latest 
version of the CRM. 
E52 Time-Span is a temporal extent, devoid of any historical associations 
or meaning, used to define the duration and bounds of temporal entities – periods, 
events, and activities. 
E53 Place is a physical extent of space, not to be confused with the name 
given to a place, nor with the physical items that may be found at that location at a 
given time. A single place may have several names, or no name at all, and several 
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places may be referred to by the same name. The distinction between the physical 
extent of a place and its name or names is intended to overcome some of the 
drawbacks inherent in an approach such as that used by the TGN, where places 
cannot be identified unless they can be named. In designing the model the 
working group was conscious of the fact that, although places are commonly 
determined by reference to large “immobile” objects such as buildings, cities, 
mountains, rivers etc., these objects may, over time, change their relative 
positions. Consequently, the absolute physical position of an object at a given 
time may be both impossible to establish and, to all intents and purposes, 
irrelevant. Thus, although a “place” refers to a physical extent of space, the 
precise co-ordinates of that extent may be unknown. This allows partial 
knowledge to be documented correctly as, for example, when it can be established 
that two events occurred at the same place, but the location of the place remains 
unknown. 
E54 Dimension refers to properties that can be measured by some 
calibrated means and which result in numerical values, such as currency, length, 
diameter, weight, density, luminescence, etc. 
E39 Actor is the class of all agents – persons, groups and institutions – 
capable of actions, and (therefore) potentially responsible for events that result in 
changes of state. 
E41 Appellation is the class of all names, codes or words, whether 
meaningless or meaningful, used for purposes of identification. Appellations are 
accepted by convention, tradition or agreement. 
E70 Stuff includes all discrete, identifiable items, whether material or 
immaterial, that can be treated as the subjects of documentation. Mass objects 
such as materials, gases and liquids are explicitly excluded. 
E72 Legal Object encompasses any identifiable item that can be owned or 
to which legal rights can be assigned. Legal Object is not restricted to instances of 
E70 Stuff. 
E55 Type provides the parent class for the definition of the “type 
hierarchy” – a thesaurus-like structure for enhancing the level of granularity of the 
model and which facilitates its implementation using database engines that do not 
provide integrated support for static specialisation. 
E18 Physical Stuff is the parent class of all physical objects, and physical 
features. The distinction between physical objects and their features is needed to 
allow for the documentation of certain aspects of physical objects, such as holes, 
marks and texture which, though they have certain physical characteristics, such 
as dimensions, cannot be detached from the objects on which they are found, 
either materially or conceptually. 
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E71 Man-Made Stuff includes anything created as a result of human 
activity, whether physical or intellectual. This is an abstract class and would not 
normally be instantiated directly.  
E19 Physical Object encompasses all physical objects, both natural and 
artificial. This includes, notably, objects in museum collections 
E22 Man-Made Physical Stuff includes any material objects or features 
that are the result of human activity. This is reflected in the multiple inheritance 
from E18 Physical Stuff and E71 Man-Made Stuff.  
E28 Conceptual Object includes all intellectual or conceptual objects, 
independent of their physical manifestation or support. Library information 
systems, for example, usually make a distinction between an edition of a book, 
which forms the basic unit of bibliographic documentation, and the physical 
copies that are on the shelves. The E28 Conceptual Object includes other 
conceptual objects such as Designs and Procedures, Linguistic objects such as 
inscriptions and titles, as well as Visual items such as marks, images and symbols. 
Conceptual Object is a subclass of E71 Man-Made Stuff since all conceptual 
objects are assumed to be artefacts, i.e. the products of human activity. 
6.4.2 Possible improvements to the class hierarchy 
As it stands the CRM hierarchy contains some classes with imprecisely 
defined and overlapping semantics and some inconsistent modelling. The 
following modifications would help simplify and clarify the schema: 
The E41 Appellation class defines names. As the scope note observes, 
these are defined by convention, tradition or agreement; they are therefore 
candidates for inclusion in the E71 Man-Made Stuff hierarchy, more specifically 
as a subclass of E28 Conceptual Object. This latter is intended to include all the 
“non-material products of our minds, and specifically to allow for reasoning about 
their identity, circumstances of creation and historical implications”. [CIDOC 
2001] E35 Title, a subclass of E41 Appellation, is in fact already defined as a 
subclass of E28 Conceptual Object through multiple inheritance. Moving E41 
Appellation would have the advantage of allowing appellations to inherit 
properties relating to the creation and history of conceptual objects. With the 
exception of titles, the CRM does not, in its present form, provide any mechanism 
for documenting the circumstances in which appellations are created and how 
they are used. 
The E55 Type class is intended to provide a formal structure for the names 
of all classes in the model and any future refinements that may be required. As 
such it would appear to be a natural subclass of E41 Appellation. This would also 
enable E55 Type to inherit properties relating to authoring and use defined by E28 
Conceptual Object. The documentation of the creation of types is particularly 
important in the natural sciences.  
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The scope note for E72 Legal Object indicates that its scope is not meant 
to be restricted to E70 Stuff, though the current model is in fact more restrictive. 
E72 Legal Object currently encompasses, through multiple inheritance, E18 
Physical Stuff and E73 Information Object, a subclass of E28 Conceptual Object. 
This specifically excludes instances of E72 Legal Object itself, as well as 
instances of E30 Right, E41 Appellation and E55 Type, from becoming instances 
of E72 Legal Object. However, all these classes can be considered as “legal 
objects”. Indeed, registered trade marks would seem to be an obvious example of 
legally owned “Appellations”. Since it already encompasses virtually all the 
subclasses of E70 Stuff, and those that it does not already encompass could 
legitimately be included, there seems to be little need to declare a separate Legal 
Object class. The two properties that Legal Object defines (P104 is subject to : 
Right and P105 right held by : Actor) could be incorporated directly into the E70 
Stuff class and E72 Legal Object removed. This modification is in line with the 
intuitive notion that, in principle, no subclass of E70 Stuff is exempt from legal 
considerations. 
E70 Stuff defines just one property, P101 had as general use: Type. This 
property allows the purpose of some item of “Stuff” to be defined. It does not 
seem plausible to argue that any of the three classes we have so far proposed 
moving, E41 Appellation, E55 Type and E72 Legal Object, cannot be assigned a 
general purpose. Similarly, the same can be argued of E39 Actor, most obviously 
with respect to one of its subclasses: E74 Group. Groups of people are frequently 
organised with some specific or general purpose in mind. It would therefore seem 
logical to place E39 Actor as a subclass of E70 Stuff.  
Having moved E39 Actor, E41 Appellation, E70 Stuff, E72 Legal Object 
and E55 Type, E77 Existence is left with only one subclass: E70 Stuff. Since E77 
Existence is an abstract class that defines no properties of its own, it could well be 
eliminated from the model, though one justification for keeping it might be as a 
class for “items that cannot have any purpose”. 
 Finally, the name of the E70 Stuff class is misleading. The scope note 
makes it clear that this class is intended to include discrete items having persistent 
identity. The word Stuff suggests, on the contrary, undifferentiated mass. We 
therefore propose to replace it with the word Thing.  
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Fig. 20 – Revised CRM schema overview 
6.4.3 Set diagram of the entity hierarchy 
A general view of the entire scope of the CRM can be presented as a set 
diagram. The CRM entities are represented as rectangles. Subclasses are 
contained within larger rectangles. Multiple inheritance is represented as 
overlapping areas between rectangles. Each entity is identified by its code. Links 
between entities are not represented. This form of presentation, while 
unconventional for semantic and ontological modelling, has the advantage of 
being compact and relatively intuitive for non-specialists. It also highlights some 
significant aspects of the CRM structure that are less apparent in text or in tree-
based graphics. 
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The diagram is based on version 2.3 of the CRM. The class hierarchy 
differs in some minor ways from later versions; E55 Type, it will be noted, was 
independent of the class hierarchy and does not fall under E1 CRM Entity. Three 
of the main head-classes: E18 Physical Entity, E28 Conceptual Object, and E2 
Temporal Entity, are clearly visible. E39 Actor is less well developed than might 
be expected, having only two subclasses, while E53 Place has no subclasses at all. 
E41 Appellation is more prominent than might be expected. These observations 
lend weight to the view that the practical scope of the CRM is distorted to some 
extent by the bias inherent in the sources used for its elaboration. Museum 
documentation, as we have already noted, tends to be focused on collection items 
and is less concerned with implicit entities such as actors and places. The well-
developed appellation hierarchy may reflect a traditional preoccupation with 
terminology. 
The model contains very few instances of multiple inheritance. E23 
Iconographic Object and E35 Title are, in fact, the only entities that tie in E28 
Conceptual Object with E18 Physical Entity and E41 Appellation. The presence 
of “potential” multiple inheritance entities is also revealed in the form of 
overlapping areas which contain no subclasses. The intersection of E41 
Appellation and E28 Conceptual Object, for example, excluding E33 Linguistic 
Object, is currently empty. A case could be made for moving at least some of the 
appellation classes into this area. 
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Fig. 21 – CRM class hierarchy presented as a set diagram 
6.4.4 Implementation of the set diagram 
The set diagram was generated by an Oracle PL/SQL application that uses 
a co-ordinate system to manage the hierarchisation of entities.70 Each entity is 
assigned a pair of x,y co-ordinates which define its extent and position within a 
two-dimensional plane. It is a relatively simple matter to use this information to 
calculate which entities fall within others, and where intersections occur. This 
                                                 
70 Developed by the author: http://www.unige.ch:3144/cui/owa/crofts.ontology.show 
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information can be used to generate a conventional tree-graph structure and text 
reports, as well as the set diagram shown here. 
Using a co-ordinate system to generate the hierarchy, rather than a graph 
structure, simplifies the implementation of poly-hierarchic structures. Many-to-
many relations using pointers can be complex to implement and to scan. A co-
ordinate-based implementation of poly-hierarchic relations is intuitive and uses 
relatively simple algorithms. It also facilitates modifications to the schema. If an 
intermediate-level class is suppressed, for example, its subclasses are directly 
transferred to the higher-level class without the need for any further intervention. 
For example, if E33 Linguistic Object were to be abandoned, E35 Title would 
nonetheless remain a subclass of E41 Appellation. This type of modification can 
be time-consuming if pointers are used, since all child classes need to be 
individually reassigned to their new parent.71 
6.4.5 Shortcuts 
Returning to the CRM schema itself, the following sub-schema illustrates 
several key concepts used in the construction of the CRM: inheritance, property 
links, and shortcuts. This particular example illustrates how information about 
condition assessment is handled. It brings together subclasses of four of the main 
entities: E18 Physical Entity, E28 Conceptual Object, E39 Actor and E2 Temporal 
Entity. (For reasons of clarity, the inheritance links to the main classes have been 










Physical Object Condition State
Actor
Period
carried out by (performed)
assessed by (concerns) has identified (identified by)
has condition (condition of)
 
Fig. 22 – Condition assessment information 
                                                 
71 This problem arose for the Getty TGN with the collapse of the USSR and the consequent need 
to reassign all place names in the ex-USSR to new states. 
 126 
Physical Object is a subclass of physical entity and, in this case, deals 
specifically with objects that undergo periodic condition assessment – something 
that museums generally perform on a regular basis in order to ensure the 
preservation of their holdings. 
Condition Assessment is a subclass of Activity, from which it inherits the 
link carried out by to Actor. This link shows that activities are carried out by 
actors, or, if read in the opposite direction, that actors perform activities. Activity 
is itself a subclass of Event, and thereby of Temporal Entity from which it 
inherits a Time-Span attribute. This means that any Condition Assessment can be 
dated. The act of Condition Assessment concerns one or more “Physical Objects” 
and serves to identify a number of “Condition States”.  
Condition State is a subclass of Period which, like Event, is also a 
subclass of Temporal Entity. Condition State also inherits the notion of Time-
Span and can be dated. (The major difference in the CRM between a Period and 
an Event is the notion that an event implies a change of state whereas a period 
implies stability.) 
The fully developed form of the model thus allows a considerable amount 
of information to be recorded – who assessed which objects, when, and what the 
results of this evaluation were. It is important to note that the model does not 
preclude differences of opinion concerning the condition of an object at a given 
time. By attributing acts of condition assessment to particular actors, it becomes 
possible to allow for multiple interpretations – such as might be required to handle 
a contentious restoration. 
The shortcut mechanism is shown with shading. This is an alternative and 
simplified form of information that corresponds to common practice in museum 
documentation and may therefore be sufficient for many implementations. The 
condition of an object is simply noted as a direct attribute of the object without 
further references. Used in this way, the model allows for a history of condition 
states to be compiled, but provides no systematic support for attributing 
assessments to particular actors. Each opinion is effectively anonymous and 
treated as a “fact”. Where and when to use shortcuts depends on two factors: the 
need for enhanced granularity and detail in the documentation and the need for 
acceptable performance. As can be seen from the example, an implementation 
using a relational DBMS would require a five-table join to reach the current 
condition state of an object using the fully extended semantic chain, whereas the 
shortcut requires only a simple join between two tables. 
6.4.6 Aggregate objects 
The CRM provides a mechanism for dealing with aggregate objects such 
as collections, objects that have several parts, and objects that are dissected into 
components, etc. The mechanism itself is extremely simple. A reflexive link from 
Physical Entity allows any object to be linked to another object. This link creates 
a parent-child relationship. Child objects may, in turn, be associated with further 
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objects. This allows a hierarchy of indefinite depth to be created. (Unfortunately, 
it also allows “loops” to be created – an object may be the child of one of its 
descendants. In a practical implementation, some form of integrity constraint 
needs to be implemented in order to avoid this possibility.) 
The CRM provides two types of aggregation links: is composed of (forms 
part of) and falls within (contains). The first type of attribute allows for objects, 
events and places to be composed of their parts. This link models the notion of 
constituent elements that go to make up a whole. The second, weaker notion 
allows for objects that merely happen to contain other elements. In this case the 
elements fall within the scope of the container but their removal does not change 
its essence. A simple example of the distinction would be the tea in a teapot. The 
pot is composed of a vessel and lid – removing the lid takes something away from 
the whole. The tea in the pot merely happens to be there – it can be poured (and 




contains (falls within) is composed of (forms part of)
 
Fig. 23 – Aggregate and composite object information 
The cardinality of the aggregation links used in the CRM is o,n (none or 
many) in both directions. This means that child objects can be descendants of any 
number of parents. This “open” cardinality allows different types of aggregates to 
be modelled, e.g. a print may be part of a portfolio and also part of a thematic 
collection. To make the nature of these part-whole relations explicit a has type 
attribute is included in the link. 
Similar mechanisms are used to model the notions of constituent parts and 
aggregates of Temporal Entities. Again, a distinction is made between periods or 
events that are composed of other events, and events that merely happen to fall 
within a certain period. 
As defined in the CRM, the treatment of composition and aggregates is not 
entirely satisfactory. The two forms of decomposition can be seen to form a 
hierarchy: is composed of (forms part of) is a specialisation of the broader notion 
contains (falls within). Providing two separate relations means that queries on the 
broader relation do not encompass the more specific relation. This problem could 






is composed of (forms part of)
 
Fig. 24 – Revised aggregate/composition object model 
6.4.7 Images and multimedia 
The CRM does not specify any physical mechanism for the storage and 
retrieval of multimedia elements such as images, video sequences and sound files. 
This would lie outside its general scope. However, the CRM does provide a 
means of documenting these elements, their relationship to physical objects, and 
to each other, using either E31 Document or E23 Iconographic Object. Both of 
these are subclasses of E28 Conceptual Object. The scope note for document 
explicitly refers to multimedia documents: “This entity comprises items which 
make propositions about reality, whether intentionally or by chance. The means 
may be text, graphics, images, sound, or video.” [CIDOC 2001] 
The idea behind treating documents and images as conceptual objects is 
that it becomes possible to capture the identity that exists between multiple 
copies. (This point is discussed further in Chapter 8.) In many systems, this 
identity is blurred or totally obscured by the fact that only physical copies are 
documented. It becomes difficult or even impossible to recognise that two 
physical documents are actually just different physical manifestations of the same 
thing. 
The E23 Iconographic Object class provides a mechanism for 
documenting the dual physical and conceptual aspects of copies of particular 
images, because the class makes use of multiple inheritance. It is defined as a 
subclass of both E22 Man-Made Object and E28 Conceptual Object. This allows 
an iconographic object to be considered as both a concept and as a physical 
manifestation. 
6.5 Mapping heterogeneous data sources 
Different approaches to the collection and distribution of cultural 
information have been envisaged. Two recent tendencies have been the 
exploration of “mediation” systems, designed to intervene between native 
databases and the end users, and the emergence of the concept of the “data 
warehouse”, which is intended to act as a repository. Both approaches are 
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intended to add homogeneity, functionality and semantic value to otherwise 
disparate resources. 
The CRM is designed to facilitate the consistent and systematic mapping 
of heterogeneous information, which respects the general conceptual framework 
of the CRM, but which differs in the degree of detail it contains. Both “richer” 
and “poorer” sources of information can be integrated without loss. CRM 
mapping does not require “dumbing down” of data. 
Integrating “poorer” data sources requires making intelligent suppositions 
about the missing information in order to respect the CRM structure. For example, 
if no information is available about the acquisition of an object by its current 
owner, it can nevertheless be assumed that the object was acquired at a date before 
the current date, and after the creation of the object. This may result in a wide 
range of uncertainty, but is an accurate representation of the state of knowledge 
about the object. In other cases, “unknown” values may need to be used to 
maintain the general semantic structure. 
A semantically developed representation, which contains “unknown” 
values, is preferable to a total lack of information since it nevertheless allows 
correct reasoning on what little is known. It may be the case, for example, that we 
know that the same artist created two objects, but not know who the artist was. 
The CRM aims to provide a framework for the accurate representation of 
whatever information is available. 
Two separate techniques are available to ensure that information that 
contains a “richer” level of detail than the CRM currently supports can be 
integrated correctly. The first deals with specialised entities, the second with 
attributes. 
Unsupported entities can be assimilated to the closest appropriate CRM 
class. Given a data source which recognises different types of documents, for 
example, all become instances of the E31 Document class since the CRM does 
not, at present, recognise subclasses of documents. Specialisation data need not be 
lost, however, since they can be incorporated into the CRM type hierarchy. The 
“has type” attribute of all CRM entities is intended specifically for the purpose of 
recording finer levels of granularity than are supported directly by the CRM class 
hierarchy.  
Specific attributes that do not have an equivalent in the CRM can be 
placed in the text attribute, which is inherited by all CRM entities. This allows all 
specific data attributes to be preserved, albeit with a certain degree of loss of 
functionality, since text fields cannot be queried as readily as structured attributes. 
It is worth noting that “rich” information stored in a CRM structure as text 
fields with specific type attributes can, in principle, be reconstructed for an 
appropriate schema. This contributes to the goal of ensuring that data can be 
exchanged between relatively “richer” and “poorer” schemas without loss. 
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6.5.1 Mapping incompatible data sources 
Integrating conceptually incompatible data presents more serious 
problems. What is meant here by “conceptually incompatible” is that the data 
imply a classification hierarchy that is inconsistent with that of the CRM. This 
would arise if, for example, a CRM superclass/subclass relationships were 
inverted, cardinality constraints did not match, or attributes were not assigned to 
the same entities. Radical differences of this sort imply either an incompatible 
ontology, i.e. a fundamental disagreement about what sort of things exist in the 
world and the relationships between them, or point to a modelling deficiency in 
the source data schema. 
6.5.2 Conflicting ontologies 
Although some philosophers have argued that all conceptual schemes must 
be compatible at some level for communication between human beings to be 
possible [DAVIDSON 1974], in the present context the possibility of divergent 
ontologies cannot be ruled out. However, the likelihood of encountering radically 
divergent ontologies seems to be slim. Members of the CRM working group have 
completed a considerable number of “mappings” of existing metadata standards 
and exchange formats to the CRM. This work has not so far encountered 
examples of this type of problem. Deep-rooted inconsistency, if justified, would 
require revision of the CRM. 
6.5.3 Divergent schema 
Divergent schema and modelling “errors” are likely to arise from 
pragmatic decisions to denormalise a data schema intended for use in a restricted 
domain. For example, modern art museums rarely encounter the intractable 
attribution problems common with historical art. In the absence of any reasonable 
doubt concerning the provenance of a work, the name of the artist is simple 
treated as fact and the act of attribution disappears. The artist is usually treated in 
such cases as a direct attribute of the object. It is indeed not uncommon to find an 
artist’s name and other attributes stored directly as part of the object record. In 
such cases, ad hoc transformation rules are needed to reconstruct the appropriate 
relations. The major difficulty that arises when making transformations of this 
sort, which we will discuss in detail in Chapter 8, is to establish the identity of 
entities that are referred to only by name. Variations in spelling and syntax, 
combined with the inherent ambiguities of names, can make this extremely 
difficult. The “conservative” approach to resolving ambiguous entities is to create 
as many instances as there are variant forms. The justification for this approach is 
that it is easier to collapse references to two separate entities that turn out to be 
identical than it is to separate different entities that have been combined by 
mistake. The techniques used to identify and remove redundant multiple instances 
of the same entity fall outside the scope of the CRM itself. 
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6.6 Data exchange formats 
Designing a data exchange format involves producing a structured data 
record which can be mapped automatically onto a database schema. 
The ideal exchange format should fulfil the following requirements: 
• robust – even damaged records should remain readable 
• self validating – automatic syntax and coherence control 
• human intelligible – the records should make sense if viewed in a text 
editor 
• machine-readable 






• widely used 
• non-proprietary 
• easy to use 
Finding or designing an ideal exchange format may be impossible, but 
there are several candidates that fulfil most or at least several of these conditions, 
including XML, RDF, and SGML. 
XML [W3C 1997] is one of the preferred candidates for use as a data 
transfer format. It offers a number of significant advantages: 
• document syntax and the data schema can be validated using a DTD or 
schema 
• XML is Web-oriented – it was designed to be lightweight, simple and 
fast 
• it is much simpler to use than SGML 
• it is supported by W3C 
• XML is a non-proprietary, open standard 
• there is clear separation between data and presentation logic through 
DTDs and XSL style sheets 
• it is extensible 
• it is Unicode-compliant 
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• it is both machine and human-readable 
As the name indicates, XML is an extensible language because it offers a 
way of defining markup, rather than a markup language itself, and, unlike HTML, 
it provides a clear distinction between semantic, or content-oriented markup, and 
presentation markup. Using an XLM DTD allows data structures to be defined, 
consisting of elements, attributes and entities. This definition can then be used for 
validating documents to ensure that they respect the data structure, thereby 
relieving data import programmes of much of the overhead associated with data 
validation. 
In order to encourage the development of XML data exchange formats 
based on the CRM, ICS-FORTH carried out a series of data transformation tests, 
in the context of the ABC Harmony CIMI Interoperability tests. This resulted in 
the development of an XML DTD. [DOERR 2001] In the UK, the Museum 
Documentation Association, working in collaboration with CIMI and other 
organisations, has also developed an XML exchange format, using the CRM, as 
an extension to Spectrum. [DRENTH 2001] 
6.7 Data exchange process 
The process by which data can be transferred from one system to another 
requires that data from the source database be formatted as well-formed XML 
documents which can be validated using an appropriate CRM DTD. Data in other 
formats need to be converted into XML. Valid XML data can then be parsed into 
the target database using an XML processor. This process has the advantage of 
concentrating basic validation in an external module, the CRM XML DTD, 
thereby improving the quality of data being supplied and simplifying the transfer 
process. 
Data can also be consulted directly using a combination of XML and XSL. 
XSL, the XML style sheet language, allows data to be formatted in a variety of 
formats. 
6.7.1 Handful of keys 
When transferring relational or object-oriented data, a number of problems 
arise with respect to the appropriate use of identifiers or “keys”. 
Keys are used to identify uniquely objects or records, and form the basis of 
all relational and object-oriented database logic. Keys fall into two categories: 
natural, or “semantic” keys, which are derived from the data themselves; and 
artificial keys which are usually assigned automatically by the information 
system. A person’s name, first name and date of birth, taken together, can often be 
used as a natural key. A computer-generated “inventory number” could be 
considered as an artificial key. Object-oriented and relational database engines 
generally differ in the way that they handle keys. OO systems usually try to hide 
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identifiers and treat identity simply as an inherent property of all objects. 
Relational systems generally require some form of identifier to be designated or 
generated explicitly. 
Data integration leads to a number of key-related problems: 
• Conflicts may occur between artificial keys which, although locally 
unique, are not globally acceptable. 
• Artificial keys, whether hidden or explicit, may be unknown to the 
source database. This makes it difficult or impossible to establish the 
identity of records correctly. 
• Natural keys derived from the data may be partially or completely 
absent, unreliable, corrupted or not unique. 
• Data integrated from heterogeneous sources are unlikely to respect the 
one-to-one rule. Multiple instances are likely to exist describing the 
same real-world entities, most likely using different keys. Some 
mechanism needs to be put in place to identify and handle these 
redundant instances.   
The CRM is not designed to address these problems directly. Possible 
approaches are discussed in more detail in Chapter 8. 
6.8 Design issues 
Although the CRM concept is object-oriented, it is not intended to be 
“object-centric” with respect to cultural collections. The data schema provides 
multiple access points, any of which can form the basis for a query: 
• Physical Entity corresponds to objects and physical features  
• Temporal Entity to events and periods 
• Actor to people, groups and organisations  
• Place to geographic locations  
• Conceptual Object to ideas, publications, symbols and other 
intellectual objects  
Attribute links between these entities can be presented as hypertext links 
allowing users to navigate a path through the rich Web of information contained 
in the database. 
The Appellation entity has a unique function since it unites names and 
identifiers of all entity types. Using Appellation as an access point effectively 
allows for unrestricted searching by name on all entities. 
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The multiple layers of the class hierarchy allow information to be 
presented at different levels of generality. “Drilling down” from the high-level 
classes allows for progressively more precise information to be presented. 
An efficient presentation and distribution mechanism could be based on 
the use of XSL or CSS style sheets combined with XML. The use of different 
style sheets would allow the same basic data to be presented in a number of ways, 
adapted to the needs and interests of the end users. 
6.8.1 Ensuring extensibility and scaleability 
Several features of the CRM that are intended to facilitate its evolution can 
also play a role in facilitating the extension of database implementations: 
• All major links between classes are declared as entities with a type 
attribute and a role attribute for the “active” entity. This approach 
offers three major advantages: 
 It allows links to be specialised by means of a “relation” 
hierarchy without the need to create additional relations in the 
data schema.  
 Cardinality constraints on these “generic” links are open (n,m). 
This means that mono-valued attributes are treated as a special 
case. If cardinality constraints need to be changed in the future, 
this can be achieved programmatically and does not require 
structural modifications. 
 If needed in the future, further attributes may be added to links. 
• Attributes are declared as far as possible as links to other classes. This 
allows methods to be associated with attributes and also allows further 
specialisation of non-terminal attributes, should this prove necessary at 
a later stage. 
• Shortcut links are provided where direct access to attributes may be 
preferable. These direct links provide superior performance at the 
expense of some semantic content. Links implemented as shortcuts can 
be developed into complete chains at a later stage if needed. 
6.8.2 Business rules and data validation 
The CRM does not define business rules or other constraints since these 
need to be defined in accordance with implementation requirements. The general 
philosophy adopted by the CRM is that very few logical constraints should be 
applied to CHI, since incoherent and partial data are commonplace. The use of 
restrictions would exclude “interesting” data of this sort. 
From a practical perspective, it is preferable to avoid implementing all but 
the most basic constraints at a very low level in the database (using triggers and 
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constraint rules). This may seem to be preferable a priori, since constraints 
enforced directly by the database are highly efficient and are automatically 
respected by any form of data access, but situations often arise where the 
constraints are counter-productive. Their implementation at a low level prevents 
them from being by-passed, even temporarily, in order to import and process 
“invalid” data. Another reason for avoiding implementation using native database 
mechanisms is that, in the case of a relational database implementation, the 
database is “unaware” of the oo class hierarchy. Implementing rules that apply to 
certain subclasses and not to others can prove extremely complex. Finally, many 
data integrity constraints used in relational databases are proprietary. Their 
capabilities and behaviour vary from one platform to another.  
6.9 Recent mapping efforts 
Working in conjunction with the CIMI-Harmony test project, ICS-FORTH 
undertook a series of test mappings of data. This was the first time time that data 
transformations had been attempted, as opposed to mappings of data schema, and 
documented in a systematic test project. The goals and objectives of these tests 
were to make progress on understanding how to achieve practical interoperability 
between metadata vocabularies, to provide an additional dimension to the testing 
of the CIDOC CRM and to identify deficiencies in the CIDOC CRM itself. [ABC 
2001] 
The National Museum of Denmark (NMD), the Museum of Natural 
History, London (MNH), and Australian Museums Online (AMOL) provided 
sample data. The tests showed that the semantics of all the samples were 
completely covered by the CIDOC CRM. However, the mapping revealed 
considerable differences in the complexity and the degree of automation that 
could be achieved.  
6.9.1 Tools 
Commercial tools were used for all the transformations. The target format 
for the transformations was XML based on a simplified version of the CRM DTD 
described earlier. The target files can be viewed directly using an XSL 
transformation, which “renders” the properties.72 
6.9.2 Workload 
The transformation was performed by a graduate student in the computer 
science department at ICS-FORTH, assisted by Dr Martin Doerr. Processing each 
sample involved two days of analysis to reverse-engineer the schema implicit in 
the sample data and to construct the CRM mappings, plus a further week to 
develop the implementation.  
                                                 
72 http://cidoc.ics.forth.gr/data_transformations.html 
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A month was spent studying the tools, prototyping different 
representations and identifying semantic errors. (According to the project report, 
some of the effort involved could have been avoided with the assistance of a 
domain expert.) The NMD and the MNH samples were transformed without any 
manual intervention and without the need for programming. The AMOL data 
could not be processed automatically and required manual transformation. 
6.9.3 NMD data sample 
The NMD data are highly structured, which made a complete, automatic 
transformation possible. Two default assumptions, which were not apparent from 
the data, were clarified with the help of one of the authors and could be expanded 
in the CRM. As the NMD database uses dynamic typing for events, a full 
mapping of the NMD event types to CRM classes would have been possible, in 
principle, but was not undertaken due to the extra work this would have required. 
Though not required by the CRM representation, all the NMD identifiers were 
maintained since they reveal the level of detail that can be captured with the 
CRM. Rather lengthy identifiers are used, e.g. “NMD System ID: 750”, “2297 
Actor”, to demonstrate that globally unique identifiers could be used to facilitate 
information integration in a distributed, global context. It is interesting to note that 
the resulting XML-CRM data representation is more compact than the source 
relational form and is more easily interpreted. 
6.9.4 MNH data sample 
The Clayton Herbarium supplied the MNH sample data. Like the sample 
from the NMD, these data were highly structured, but were presented as a single, 
“flat” table. Consequently, many fields had to be interpreted as dependent on data 
values in other fields. This posed a slightly more complex problem but did not 
prove particularly difficult. Even though the data were not normalised, e.g. many 
fields had multiple occurrences representing separate instances, mapping posed no 
particular problems.  
The data contained references to specimen prototypes. This is a highly 
significant concept in biology since prototype specimens represent the physical 
link with the published description and taxonomy. [ZELLWEGER 1994] The 
“prototype” attribute is absent from the CRM, and also, curiously, had no 
structural representation in the MNH data schema, though the concept was 
implicit in the data. 
6.9.5 AMOL data sample 
The AMOL data presented difficulties of a different kind. Unlike the other 
two samples they contained some data fields that were only semi-structured and 
which were based on semantically ambiguous definitions such as: “description”, 
“statement” and “made note”. These data fields appear to have been chosen on the 
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basis of their value as visual aids for formatting but were difficult to interpret 
coherently. The data values present in the fields were not structured in any 
consistent fashion and did not appear to be based on any controlled vocabulary. 
Automatic interpretation of the data would require considerable background 
knowledge combined with some form of natural language interpretation. These 
resources lay beyond the scope of the test and it was decided not to attempt an 
automated mapping of these data fields. Data transfer was accomplished entirely 
by hand. The result of this manual transfer was nonetheless positive, since all the 
data were successfully transferred into the CRM schema. 
6.9.6 Summary of test results 
The tests confirm that that the CIDOC CRM provides an effective schema 
for the representation of typical sample data from the museum domain. Some 
minor improvements could be made, which may be taken into account in the 
subsequent versions of the CRM. In each case, the expressive capability provided 
by the CRM was comparable to or higher than that of the source schema. 
Furthermore, the resulting XML representation is comparable in size to the source 
data and entails no loss of content as a result of the transformation. 
The XML data could now be imported automatically into a suitable 
system. The one integration problem that remains is the identification of entities, 
such as persons, which need to be globally identifiable and which are present as 
multiple instances in the data samples. However, the problem of providing global 
identification is beyond the scope of the CRM. (We shall examine this problem in 
Chapter 8.) 
The investment in time and energy that the tests represent is relatively 
small compared to the cost of designing and implementing the source data 
structures. This justifies the use of a common international standard such as the 
CRM since only one mapping need be made for each data source in order to 
achieve global semantic interoperability. 
6.10 Evaluation of the CRM 
In this chapter we have explained the objectives and intended role of the 
CIDOC CRM ontology as a conceptualisation of the domain of cultural heritage 
aimed at enabling the integration and exchange of CHI. We have highlighted 
various aspects of CRM which make it well suited to fulfil this role:  
• The theoretical scope of the CRM is concordant with the definition of 
“cultural heritage information” that we have elaborated, and is 
explicitly distinct from the scope of institutional information systems 
and collections management software. 
• The CRM adopts a “supra-institutional”, “pluri-disciplinary” 
viewpoint which is necessary for symmetric exchange and integration 
in a collaborative and distributed information context. 
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• The CRM is explicitly designed to deal with partial knowledge and 
incomplete information typical in the cultural heritage domain. 
• The CRM is not “object-centric”. It supports multiple perspectives and 
the wide range of entities needed to capture “contextual” information.  
• Exchange of information between semantically “richer” and “poorer” 
schemas can be supported without loss of information. 
• The CRM is subjected to a continuous programme of testing and 
development by participants in the CRM-SIG, thereby ensuring its 
pertinence and facilitating its acceptance by the cultural heritage 
community. 
• ISO is processing the CRM for acceptance as an International 
Standard. This will help to ensure its long-term maintenance and 
availability. 
The success of the CRM, its acceptance and use within the cultural 
heritage community also lend support to the methodological position adopted for 
its development: that agreement on an explicit and detailed conceptualisation of a 
complex domain such as cultural heritage can prove beneficial in the long term. 
More “pragmatic” approaches, while they may achieve rapid results in the short 
term, tend to fall foul of inherent limitations and over-simplifications in their 
conception, which become increasingly apparent as their scope expands. The 
practical scope of the CRM is limited, at the present time, to the reference 
documents used for its elaboration. Nevertheless, the CRM already provides a 
fairly rich semantic environment for recording CHI. It remains to be seen whether 
the CRM design is sufficiently flexible to be able to encompass future 
documentation requirements.     
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7 Musinfo case study 
7.1 Introduction 
In 1993 Geneva City’s museums embarked on an ambitious project to 
automate their information systems. The project represented a major innovation 
for Geneva’s museums from a number of points of view. Firstly it was a 
collaborative project involving institutions whose collections cover an enormous 
range of cultural and scientific heritage. Secondly, the Musinfo system was 
designed to be both comprehensive and flexible, going beyond the basic 
requirements of inventory and collections management to encompass aspects of 
scientific study, interpretation, publication and public access. Finally, the 
technological platform adopted for the project, a three-tier client-server 
architecture based on an interactive Web interface, was at the forefront of design 
philosophy.  
In this chapter we examine the context in which the project was developed, 
its conception, realisations and technical architecture. We will then evaluate the 
advantages of the system as well as its shortcomings and limitations. 
7.2 Participants  
From the outset, three institutions were directly involved in the Musinfo 
project: the Musée d’ethnographie (ETH), the Musées d’art et d’histoire (MAH), 
and the Muséum d’histoire naturel (MHN) all three of which are funded and 
managed directly by the City of Geneva. Geneva’s Conservatoire et Jardin 
Botaniques (CJB) also played a subsidiary role. Two additional partners joined the 
project at a later stage: the Bibliothèques publiques et universitaires (BPU), and 
the Fonds municipal d’art contemporain (FMAC). The project was formally 
launched in May 1993 and development work began in April 1995. Conception 
and project management were the responsibility of the Direction des Systèmes 
d’Information (DSI), the IT division of the Geneva City administration. Most of 
the development work was subcontracted. 










Tab. 4 – Estimated holdings by institution 
7.3 History and context 
The first experience with computers in Geneva’s museums dates from the 
beginning of the 1970s when Geneva University provided space on its UNIVAC 
computer for trial projects using the INFOL system. Following these early 
experiments, separate projects were initiated for the computerisation of the 
inventories of Geneva’s museums. An official motion was passed in 1983 by 
Jean-Jacques Monney concerning the inventory of the MAH. This was followed 
in September 1984 by a report of Professors Levrat and Piquemal of Geneva 
University [LEVRAT 1984] on the “conception globale de l’informatique et de la 
bureautique à la Ville de Genève”. On March 13 1985, the Conseil Municipal 
voted a budget for the computerisation of the museum inventories:  
 
CJB 765,000 
ETH, MAH, MHN 720,000 
Total 1,485,000 
Tab. 5 – Proposition 169, March 13 1985 
Of this amount, just 30,000 CHF was allocated to the MAH. The disparity 
in the budgets accorded to the different institutions was compensated in June 
1987, when the Conseil Municipal voted a supplementary budget, of which 
3,150,000 CHF was reserved for the MAH alone: 
 
MAH, réalisation de l’inventaire (personnel) 2,150,000
MAH, informatisation de l’inventaire 1,000,000
Acquisition de différents progiciels, musées 500,000
Total 3,650,000
Tab. 6 – Proposition 360, March 4 1987 
It is interesting to note that 2,150,000 of the overall budget was allocated 
for data entry and staff. This considerable enlargement of the original budget and 
its allocation is significant since it reveals a growing awareness of the high costs 
of data entry. This allocation enabled the MAH to engage temporary staff with the 
                                                 
73 This includes only iconographic objects such as paintings and engravings. The main BPU 
holdings of books, periodicals and other printed matter fall outside the scope of the Musinfo 
project. 
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specific task of creating the computer inventory, something the other institutions 
were unable to do. Later, this led the creation of a specific inventory service at the 
MAH and the creation, in 2000, of a permanent service, known as Inventaire et 
documentation scientifique (IDS). 
At this time, very little off-the-shelf museum software was available, and 
most of that was in English. Consequently, Geneva’s museums took the decision 
to design and build their own systems. A comparison of the calls for tender 
prepared by the different institutions reveals certain common objectives:  
• to ensure collections management, cataloguing and consultation  
• to allow scientific research  
• to allow links with other computer systems  
• to facilitate standard office work  
• to anticipate future developments which would allow the integration of 
images 
Despite these similarities, the hardware and subcontractors chosen by the 
four institutions varied considerably: it was generally assumed at this time that the 
specificities of the various institutions were irreconcilable and that this precluded 
any collaboration. Consequently, no attempt was made to consolidate or unify the 
various projects: each was institution-specific and undertaken with little or no 
reference to the others. 
The CJB chose a Digital VAX/VMS system and the DBMS RDB. 
Analysis and development were undertaken in-house by a team of IT specialists in 
conjunction with Geneva University. The MHN and the ETH both chose 
UNISYS/UNIX hardware and the DBMS Oracle. Analysis and development were 
contracted to a small local firm, G2P. The MAH, initially with a very limited 
budget, purchased an IBM PC in 1986, then in 1988 an IBM 9370 and the DBMS 
BASIS. Application development was contracted to another local firm AIM, later 
to become part of the Thales group. 
For a variety of reasons, and with the notable exception of the CJB74, these 
early projects failed to achieve satisfactory results and were eventually 
abandoned. The failure of the projects can be attributed largely to lack of 
experience in both project management and computer technology, on the part of 
the museums themselves but also on that of their contractors and the City 
computing services. Everyone concerned was ill-prepared for the complex task of 
managing an IT project: analysis was often superficial; application development 
ran over budget and remained unfinished; and system architectures were ill-
conceived and untested, leading to a series of insoluble technical problems. A few 
examples will suffice:  
                                                 
74 Designed primarily for research, elements of the system implemented by the Conservatoire et 
Jardin Botaniques (CJB) are still in service today. Although integrated into the overall Musinfo 
project, the botanical system does not employ the system architecture described in this chapter. A 
complete description can be found in Zellweger 1994. 
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• In their offer to the ETH, which was accepted, the contractor estimated 
at just five days the time needed for analysis and design of the entire 
IT system. 
• Network cabling was installed at the ETH museum by a local electrical 
firm with no previous experience in computer networks. It consisted of 
an exotic mixture of thick and thin Ethernet, long serial (RS232) 
extensions and telephone cable, with a number of repeaters and 
modems. Unsurprisingly it proved to be unusable.  
• Macintosh terminals supplied to the MHN used a different character 
set and protocols from the UNISYS server and could not communicate 
correctly.  
• The IBM 9370 server installed for the MAH was so chronically 
undersized that the operating system and DBMS left no room for any 
data.  
Another major obstacle at the time, which exacerbated the partners’ lack of 
experience, was the absence of any clearly defined standards or guidelines for the 
development of museum information systems. The Museums Documentation 
Association (MDA) in the UK published a first edition of Spectrum in 1994 
[MDA 1994], and the ICOM/CIDOC Guidelines for Museum Object Information 
were published in 1995 [CIDOC 1995], but neither of these documents was 
available in French. In Switzerland, a national study in preparation for a database 
of art and cultural artefacts had been prepared in 1987; [SAGW 1987] however, 
the Catégories d’information pour l’inventaire des collections, published by the 
Banque de données des biens culturels Suisses (BdBS) did not appear until 1996. 
[BDBS 1996] This document, influenced by Spectrum and CIDOC, contains a list 
of recommended data items for a museum database. However, it is heavily 
oriented towards fine arts collections and is not readily applicable to either natural 
history nor to ethnographic collections.  
Finally, it should be noted that during this period the Geneva City 
computing services, the “Centre de traitement informatique” (CTI) and later the 
“Informatique Générale de la Ville de Genève” (IGVG), was primarily a technical 
service, responsible for batch-processing payroll and accounting data and with 
little experience in project management. A number of key projects for the City, 
including the development of the integrated accounting system proposed in the 
Levrat report, were terminated before their completion.  
Given the general lack of experience in project management and the 
absence of clear guidelines concerning the design and conception of museum 
documentation systems, it was perhaps to be expected that these initial projects 
would be unsuccessful. The ETH emitted a “call for help” in 1989. A second 
report by Professeur Levrat in 1990 [LEVRAT 1990], underlined the serious 
nature of the problems.  
These projects were followed by a difficult intermediate period. Budgets 
for existing projects had been exhausted and further financing was now difficult to 
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obtain. Indeed, the economic climate had changed completely and a series of 
moratoria were imposed on IT projects between 1989 and 1993. During this 
period the computing department was completely restructured. Geneva’s 
museums were effectively obliged to make do with the limited resources that 
could be salvaged: small sums remaining unspent from previous budgets, a 
number of microcomputers, some unreliable networking facilities, and 
incompatible mini and mainframe systems. Technical support for this mixed bag 
of resources was patchy and G2P was on the verge of going out of business. 
The most obvious result of this situation was that museum staff began to 
build and maintain their own local databases using microcomputers, abandoning 
the centralised mini and mainframe databases. A home-made, do-it-yourself 
approach seemed initially attractive for a number of reasons: the immediate costs 
were low, the necessary hardware was available, and software was relatively easy 
to use. However, over an extended period, the proliferation of many small, 
unconnected repositories of information led to a high degree of “balkanisation”. 
At that time, saturation of the typical microcomputer’s limited storage 
capacity and processing power was a major problem. The limited capacity of the 
machines available to museum cataloguers meant that large databases had to be 
split into smaller, more manageable units. This provided a solution to the 
problems of saturation, but led to a phenomenon similar to the “differentiation of 
species”: once database files were separated into distinct elements the temptation 
to adapt data structures to meet local requirements proved irresistible. In order to 
deal with this problem, the MAH developed a detailed descriptive system 
[IMAHGE 1996], shared by all departments, and based on that used by the 
Direction des Musées de France. [DMF 1995] This was intended to ensure that the 
many small, distributed database files would remain coherent. This undoubtedly 
restrained the level of divergence and, later, greatly facilitated the transfer of 
information to Musinfo. The MHN, which had no such policy, suffered a greater 
degree of incompatibility. When data were later imported into the Musinfo 
application, datasets from the MHN could not be interpreted with anywhere near 
the same level of reliability and consistency. However, the MAH’s descriptive 
system was insufficient to ensure complete interoperability due to variations in the 
way it was interpreted and applied by the various departments: syntax and 
terminology were under-specified. 
The sheer number of distributed files was, in itself, a major problem. By 
the beginning of the 1990s the MAH alone was dealing with over 200 separate 
databases. Global searching and consolidation had become virtually impossible; 
quality control became progressively more difficult and confidentiality, security 
and access control were compromised. General systems management – backups, 
file reorganisations, indexing, etc. – also required considerable resources.  
Another, more subtle effect of the use of small microcomputer databases 
was the adaptation of museum documentation to the constraints and limitations 
inherent in the software that was available. The documentation that was created 
during this period is exclusively “flat-file” and includes many coded 
abbreviations: ANATT and CATG, for example, rather than “Attribution history” 
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and “Category”. Ancillary and contextual material is absent due to space 
limitations. The resulting documentation is both terse and complex to interpret. 
7.3.1 Preparations for Musinfo  
By the mid 1990s, all parties concerned agreed that the ETH, the MHN 
and the MAH were in a critical situation and that a fresh start was needed. 
Computer systems were close to saturation: housekeeping and systems 
management tasks were absorbing an unacceptable amount of time and energy. 
The economic situation had eased somewhat and the decision was taken to launch 
a second automation project. The primary objective of the Musinfo project was to 
improve the technical infrastructure and to overcome the problems created by the 
proliferation of personal database systems. 
Digital consulting (DEC) was chosen to conduct a preliminary study, the 
results of which were published in January 1994. [DEC 1994] This document 
clarified the project objectives, established an estimation of the budget required 
and a provisional planning. It was, however, based on a number of hypotheses that 
needed considerable revision before a realistic project could be organised. At the 
end of the DEC contract, the decision was taken to appoint the author, then 
working as IT co-ordinator for the department of cultural affairs, as project leader. 
The preliminary study concerned the three City museums as well as the 
CJB and was based on the premise that, given the failure of the preceding 
projects, some consolidation and co-operation was required. The MHN and the 
CJB were paired to form a pole oriented towards the “exact” sciences, while the 
needs of the ETH and the MAH were considered as forming a “humanities” pole. 
Two separate information systems were envisaged. However, it later transpired 
that this grouping was unsatisfactory. On the one hand, the ethnography museum 
expressed concern that it would be overwhelmed by the much larger MAH. On 
the other, the needs of the MHN and the CJB, while similar at a scientific level, 
were radically different in terms of the level of development of their existing 
systems. The DEC study had assumed that the CJB would be willing to sacrifice 
some degree of autonomy and migrate its RDB database to Ingres, then 
considered a strategic choice by the Ville de Genève. However, Ingres’ weak 
commercial situation had put this orientation into question and the CJB team were 
no longer in favour of the migration. The CJB thus took the decision to opt out of 
the overall Musinfo project and to continue independent development of their 
existing system, while still enjoying a share of the remaining budget. Given the 
limited resources available, this effectively ruled out the possibility of a neat 
division between exact sciences and the humanities, and obliged the three 
remaining museums to co-operate on the development of a single, common 
system. 
Another major difficulty at this stage was the absence of the technical 
infrastructure required to build a coherent information system – something the 
DEC study had taken for granted. The museums’ park of workstations was 
outdated and inadequate. What little network cabling had been installed was 
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outdated and functioned poorly. No links were available with outlying sites and 
depots. The project planning thus needed to be adjusted to take into account the 
rate of progress that was being made in efforts at modernisation. 
The project finances also posed serious difficulties. The preliminary study 
had indicated that a global envelope of around 2,000,000 CHF was needed but a 
request for further credits was out of the question and the remains of existing 
credits fell far short of this amount. The reattribution of other budgets could be 
negotiated, but the sums available were nonetheless extremely modest compared 
to the estimations made by the DEC study. Inevitably, the piecemeal nature of the 
project financing would have an impact on conception and planning. 
The preliminary study had highlighted important disparities in the level of 
“computer literacy” in the different institutions. While the other institutions could 
not rival the CJB, which had a team of IT specialists on site, curators at the MAH 
and MHN had at least acquired a certain level of competence through using 
microcomputers. By contrast, those at the ETH remained firmly attached to their 
typewriters. The project needed to take into account these different levels of 
experience, balancing the needs of experts and neophytes. 
7.4 General description of the Musinfo project 
Given the need to make the most of limited resources, Geneva’s museums 
had little choice but to collaborate on a common project. However, as we have 
already noted, the differences between the museums, both in terms of the nature 
of the collections and the institutions” internal organisation, meant that a 
monolithic system would be unacceptable. The strategic aim of the Musinfo 
project was thus to achieve a degree of flexibility which would allow each 
institution to find solutions for its particular needs whilst participating in and 
contributing to a common project. 
The implications of this strategy can be recognised at four distinct levels: 
• the project’s scope and priorities 
• the project methodology 
• the conceptual model 
• the technical architecture 
7.4.1 Scope and priorities 
All Geneva’s museums recognised three fundamental missions: 
• management, preservation and development of their collections 
• scientific research, intended to complete and enrich knowledge and 
understanding of the collections 
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• communication and diffusion of information about the collections both 
to colleagues and to the general public 
The scope of the Musinfo project was intended to encompass all three 
areas of activity. Information needed for collections management, such as keeping 
track of loans, insurance values, object location, restorations and condition, etc., 
and was integrated with information about attributions, techniques of fabrication, 
dating and classification, used for research and interpretation. The system was 
also designed to allow for the recording of explanatory material such as 
biographies, descriptions, and general comments, designed to enrich and complete 
the formal, structured analysis of each object and to help place it in its cultural, 
scientific and historical context. 
The emphasis given to each of these three missions varies considerably 
from one institution to another. The application designed for the MHN, for 
example, is heavily biased towards scientific classification and research, whereas 
the MAH is more concerned with aspects of historical description and public 
diffusion. Each institution was responsible for defining its own development 
priorities and implementation strategy, but the underlying architecture and 
building blocks remained the same. 
7.4.2 Methodology 
The history of unsuccessful IT projects in Geneva during the 1980s led to 
concerns about the reliability of project management methods then in use. 
Consequently, an iterative project development cycle was adopted for Musinfo. 
The central idea behind this approach is to divide the project into a series of 
iterative cycles, rather than treating it in a more traditional, linear fashion. In 
effect, each cycle constitutes a complete sub-project, organised in three phases: 
• requirements analysis  










Fig. 25 – Iterative development cycle 
This three-phase sub-project differs from a traditional development in a 
number of ways: 
• Following requirements analysis, priorities have to be established in 
order to fix the scope of each iteration.  
• Conceptual and technical specifications are elaborated during the 
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application development cycle rather than as a separate step. 
• Users are highly integrated throughout the process. Technical 
documentation and specifications can be kept to a minimum through 
the use of prototyping, so the risk of misunderstandings is reduced. 
• Formal validation and acceptation takes place at the end of each 
iteration rather than at each step. A global review of the project and the 
work accomplished provides feedback and input for the next iteration. 
The development and the implementation of the information thus take 
place progressively. Each phase represents a coherent and useable state, which 
will eventually form part of the whole. 
An iterative development cycle adds to the general complexity of project 
management. The high degree of user-integration and the extensive use of 
prototypes require considerable energy, and substantial effort needs to be invested 
in maintaining coherence between modules. However, the overall project risks are 
lower. Budget allocations can be made on a modular basis and the first fruits of 
development, though incomplete, are more rapidly available. The direction and 
strategy of the project can be adjusted on the basis of the feedback provided. The 
experience of using iterative project management was generally positive. Above 
all it provided a means of dealing with the uncertainties associated with a 
piecemeal allocation of budgets. 
7.4.3 Project stages 
In accordance with this iterative development strategy, the development of 
the Musinfo applications was organised as a series of iterative cycles over a 
period of three years, from 1996 to 1998. A separate application was developed 
for each museum, starting with the ETH, followed by the MHN and finally the 
MAH. With each iteration, the underlying schema was enhanced and the 
application enriched so that each institution benefited from the experience of the 
foregoing work. Each stage represents a coherent state on the path to the finished 
application. 
 
   1996   1997   1998 
ETH          
MHN          
MAH          
Fig. 26 – Musinfo project development phases 
The applications developed for each institution respect their specific 
requirements and strategic orientation, but despite these differences, the 
conceptual and technical basis is the same. The exchange of information and 
sharing of resources between institutions is facilitated. 
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7.4.4 Conception 
A major concern during the conception of Musinfo was to avoid 
destructuring information about museum objects into a meaningless plethora of 
details and to build in the flexibility needed for future extensions. Two 
complementary techniques contribute to achieving these goals: an object-
relational data schema and the extensive use of ad hoc textual annotation. 
7.4.4.1 The object-relational schema 
Musinfo uses an object-relational data schema adapted from the CIDOC 
Conceptual Reference Model and described in the previous chapter. [CIDOC 
2001] This approach offers some of the benefits of the object-oriented data model, 
while taking advantage of the reliability and convenience of traditional relational 
technology. The class hierarchy and a hierarchy of properties are implemented 
using a special thesaurus that contains both the hierarchy structure and 
information about class attributes. Individual instances are associated with one or 
more classes in the hierarchy. This approach has the advantage of greatly reducing 
the number of tables needed for implementation with a relational database. It also 
lends a great deal of flexibility to the database since much of the structural 
complexity that might otherwise arise is assimilated by the class and property 

















Fig. 27 – Overview of the Musinfo conceptual schema 
Information categories are grouped into three main class hierarchies:  
Objects  which divides into two sub-hierarchies:  
physical objects  primarily objects in the museums collections 
conceptual objects  such as literary works, documents, images, and 
symbols which may exist in numerous physical 
forms 
Events: which may be historical or administrative 
Actors: individuals or groups responsible for or participating in events 
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The relations between these high-level entities are many-to-many. An 
Object may be subject to any number of events and an Actor, may, likewise, 
participate in more than one event. These relations are qualified by their type, 
which is derived from the property hierarchy.  
As can be seen, the Musinfo conceptual schema is very close to that of the 
CIDOC CRM. A more detailed account of the implementation of the Musinfo 
schema is given below in section 7.5.  
Place and Time are essentially coordinate systems used to situate events. 
Time frames are handled using a chronological thesaurus developed specially for 
the project. Use of a thesaurus allows dates to be entered in a wide range of 
formats, including period names and approximations: “Louis XV”, “19e siècle”, 
“avant 1986”, and “4/4/1959” are all acceptable forms. The application converts 
this information into a “hidden” numerical format consisting of lower and upper 
limits, which is then used for searching and comparison. The format entered by 
the user is used for reports and display. 
The documentation of a set of engravings provides a good example of  
how the model works. Prints are produced from some form of matrix – a mould, 
lithographic stone, woodcut or printing plate, which may go through a number of 
transformations as the artist works – as recorded by artist’s proofs. The matrix, the 
proofs and the final prints are all physical objects, but they are related to each 
other as elements of one “œuvre” – a conceptual object. The production process is 
documented as a series of events, for which different actors may be responsible. 
This allows for a clear distinction between the act of engraving and that of 
printing – different actors and objects are involved in different events, although all 
belong to the one creative process. 
Another example is the classification of biological specimens. Samples 
collected during an expedition are identified as belonging to a particular species. 
The act of collecting a sample and its classification are often the work of different 
individuals. These two acts are documented as two separate events, involving 
different actors. The “classification” event results in a conceptual object – its 
scientific name – being associated with the object. In line with standard scientific 
practice, each scientific name, or “taxon”, is itself associated via an event with the 
person who originally described it. The original description of the species, the 
collection of the specimen and its identification are all clearly and unambiguously 
documented. 
An important aspect of the Musinfo schema is its ability to store 
conflicting information. As we have just seen, an artist is seen as the actor 
responsible for an event that resulted in the creation of an object. Divergent or 
conflicting attributions can be represented as multiple creation events, involving 
different actors, places and dates, but resulting in the creation of the same object. 
Information about the presumed place and date of creation is linked with each 
actor in a consistent manner, allowing a more complete representation of each 
attribution hypothesis. 
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The object-relational approach provides a powerful means of dealing with 
the complexity of museum documentation and allows room for future extensions. 
The end result is a system which functions in many ways like an object-oriented 
database. However, there is a major drawback to this approach: the inheritance 
logic required for static specialisation that a genuine oo system would provide 
automatically has to be programmed “by hand”. Because of this, the depth of the 
Musinfo class hierarchy was deliberately limited. 
7.4.4.2 Textual annotation 
 
Fig. 28 – Musinfo textual annotation fields 
Extensive textual annotation helps ensure that rich, complex information 
remains both coherent and comprehensible. Highly structured databases often lose 
out to traditional paper cataloguing in this respect, as there is often no equivalent 
of the marginal note. Museum objects tend to be unusual or unique, and 
information about them is often difficult to fit into structured data fields. An over-
structured database can become a straitjacket. Musinfo allows the creation of ad 
hoc textual notes, functioning rather like “post-its”, which can be attached to any 
information field. These notes, which are automatically signed and dated, can be 
searched using full-text indexing and form an integral part of the documentation.  
7.4.5 Technical architecture 
7.4.5.1 System architecture 
The system architecture is based on a group of servers, centralised in the 
premises of the Direction des Systèmes d’Information (DSI).75 The database 
server uses an Oracle database running on an IBM UNIX server. Access is via a 
dedicated Intranet server, which also integrates with a dedicated multimedia 
server. The physical connection with the client workstations uses Vilnet, Geneva 
                                                 
75 The IT service of Geneva’s municipal administration. 
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City’s fibre optic network. Each museum site has an Ethernet local area network. 
Client workstations are mostly PC compatibles, apart from the MHN, which is 














Fig. 29 – Technical architecture 
7.4.5.2 Web Interface 
One of the innovative technical aspects of the project was the use of 
Internet Web technology for the client interface – the visible front end of the 
application. This technique was used to develop the client interface for the MHN 
and the MAH. The ETH application was developed using Oracle Forms, a 
traditional client-server tool. A major advantage of using a Web interface is that 
an Internet browser such as Netscape or Internet Explorer is the only element that 
needs to be installed on the client computer. The Musinfo Web interface makes 
use of client-side Javascript for basic data validation and for generating screen 
forms while the main application logic is centralised in the database. Data forms 
are generated dynamically, as needed, and sent to the client by the Web 
application server as HTML forms. Communication with the client uses 
HyperText Transfer Protocol (HTTP), which underlies all communications on the 
Web, so no special communications software needs to be installed. Use of the 
proprietary middleware, SQL*NET, is restricted to communication between the 
Web application server and the central database. The Web application server 
effectively functions as an intermediary between the client and the database, 
interpreting requests from the client and formatting and integrating information 












Fig. 30 – Three-tier client-server architecture 
This architecture has a number of advantages over a more traditional 
client-server approach: 
• The load on the client machine is significantly reduced, enabling the 
use of “modest” configurations rather than supercharged workstations. 
Standard Pentium PCs give satisfactory results. 
• Any Web compatible platform can be used; the application can be 
accessed via PC’s, Macintosh computers, or UNIX workstations. 
• Complex installation and configuration problems are avoided, 
simplifying upgrades and reducing the need for technical support. 
• Remote access is feasible via Internet. 
• Multimedia elements, images, sound and video, are easily incorporated 
using standard HTML tags. 
• Use of hypertext links simplifies the integration of information from 
remote sources. 
The “Web-enabled” approach does have some drawbacks, however: 
• Tools for the development of Web compatible applications are still 
relatively primitive so development is more complex and tends to take 
longer. Musinfo was coded directly in Oracle’s PL/SQL language.  
• Interaction using Internet protocols is discontinuous. This means that 
state information needed for database transactions needs to be dealt 
with explicitly. To do this, an “image” of each current session has to 
be maintained, thereby increasing the complexity of the application. At 
the time Musinfo was developed, PL/SQL provided little or no support 
for maintaining state information.  
• HTML is an evolving standard. Netscape and Internet Explorer do not 
support the same elements and some elements are interpreted in a 
slightly different manner. Extensions and variants of HTML syntax 
that are tolerated by one browser are rejected by the other, and vice 
versa. Although not serious, problems of this sort are a source of 
irritation. 
These disadvantages are easily outweighed by the ease of management that 
the system offers. The Windows “95 upgrade for the ETH incarnation of Musinfo, 
developed using traditional client-server architecture, required many hours’ work 
per client machine. By comparison, a recent upgrade of the natural history 
museum’s Web interface required no intervention on client machines at all. 
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7.5 Implementation details 
7.5.1 Comparison with the CIDOC CRM 
The first official version of the CIDOC CRM was released in 1998. 
Musinfo was being developed at the time when this initial version of the CRM 
was still in preparation. Although Musinfo was heavily influenced by the CRM, 
the standard had not yet been stabilised and there are inevitably certain differences 
between them. Further differences are due to divergence of scope between the 
CRM and Musinfo. While the CRM aims to be as broad as possible in its 
coverage, Musinfo was designed as a functional system for actual use. Some 
pruning of the CRM hierarchy was needed, to remove unneeded elements, and 
some extensions were also necessary to cover domain-specific requirements. This 
was notably the case for the MHN since early versions of the CRM did not cater 
well for natural history collections, a shortcoming which was addressed by 
subsequent versions. 
The CRM was designed with precisely this sort of adaptation in mind. 
Extensions are possible so long as they respect the basic CRM class and property 
hierarchies. If data are transferred to a system that does not recognise the 
extensions, they can nonetheless be interpreted as instances of the appropriate 
CRM superclass or superproperty. Musinfo extensions to the CRM respect these 
constraints. The management of intellectual property rights is a case in point. 
Granting, or refusing, permission to use images and text is one of the primary 
activities of a museum administration. This notion is not fully developed in the 
CRM, which is focused primarily on the scientific description of collections rather 
than administration.76 However, the CRM does recognise the notion of E30 Right, 
which applies to a particular E72 Legal Object and which is held by an E39 Actor, 
as well as the notion of intentional E7 Activity, carried out by an E39 Actor. It 
thus becomes relatively straightforward to define a subclass of Activity, granting 
of “Permission”, which is carried out by an Actor and by virtue of which another 
Actor receives a Right concerning a particular Legal Object. 
 
                                                 
76 “Of necessity, some concepts covered by the CRM are less thoroughly elaborated than others: 
“E39 Actor” and “E30 Right,” for example. This is a natural consequence of staying within the 
CRM’s clearly articulated scope in an intrinsically unlimited domain of discourse. These 
“underdeveloped” concepts can be considered as “hook-in” points for compatible extensions.” 

















E7 Activity E39 Actor
P14 carried out by
E30 RightE72 Legal Object
Permission
grants




P16 used specific object
P20 had specific purpose
P75 Possesses
P105 right held by
P104 is subject to
 
Fig. 31 – Extensions to the CRM 
Musinfo-specific extensions are represented with shading. The new 
“Permission” class is declared as a subclass of E7 Activity. It thereby inherits P14 
carried out by, which indicates who is granting permission. A new property, 
“benefits”, is derived from the more general property P11 had participant, 
allowing us to indicate the E39 Actor to whom permission is granted. Two 
additional subproperties, “is subject of” and “grants”, both derived from the 
general property P16 used specific object, allow us to specify respectively which 
E72 Legal Object is concerned and exactly what E30 Right is being conferred. 
The new Permission class, as a subclass of E7 Activity, also inherits date 
properties (not shown in the diagram) thereby allowing a history of permissions to 
be constructed. When this event-centred extension to the existing CRM structure 
is made, it becomes clear that the existing CRM properties related to rights 
management (P104, P105 and P75) are in fact “shortcuts”, in the sense used 
elsewhere by the CRM, in that they allow only a current state to be recorded.77 
Simplifications to the CRM include the absence of many high-level 
abstract classes, which were found to be unnecessary in the Musinfo 
implementation. The table below gives a set of equivalences between the primary 
Musinfo entities and their corresponding CRM classes: 
 
                                                 
77 Furthermore, P105 right held by would appear to be superfluous.  
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Musinfo CRM 
Objet E22 Man-Made Object 
Document E31 Document 
Acteur E39 Actor 
Evénement  E5 Event 
Thesaurus chronologique E49 Time Appellation / E52 Time-Span 
Thesaurus des lieux E48 Place Name  
Catégorie E55 Type 
Thesaurus des relations Property hierarchy78 
Appellation E35 Title 
Mesure E54 Dimension 
Inscription E34 Inscription 
Contact E51 Contact Point 
Inscription E34 Inscription 
Tab. 7 – Mapping of Musinfo entities to CRM classes 
Classes and properties that lie below these high-level entities are 
represented in Musinfo using the class thesaurus and the relation thesaurus. These 
hierarchies correspond to those specified by the CRM. For example, the CRM 
class E7 Activity, corresponds to the Musinfo subtype “Action”. However, 
Musinfo goes into considerably more detail than the CRM. Musinfo contains 
terms for tokens of currency, coins and particular denominations of coins – all 
needed by the Department of Numismatics. This level of detail is absent from the 
CRM. In conformity with the principles of CRM compatibility, these subclasses 
all fall under the general class of E22 Man-Made Object. 
It will be noted that the notion of Place is not well developed in Musinfo 
and that locations are documented simply by place name, derived from a 
thesaurus. By contrast, the CRM contains a class E53 Place, which provides a 
node both for description and for alternative names. The restriction of Musinfo to 
the documentation of place names, while reflecting common practice in museum 
documentation, is nevertheless a shortcoming, which needs to be corrected at 
some stage. 
Many CRM classes are represented in Musinfo simply as string values 
rather than as fully developed instances in tables. This reflects the needs of the 
curators in Geneva’s museums and does not render Musinfo incompatible with the 
CRM. With the exception of place names, mentioned above, these fields 
document implicit entities for which no further analysis is available or desired. 
The values recorded correspond to appellations for their respective entities. Their 
transformation into classes would be possible at a later date if required. Confusion 
does occasionally arise when several objects share the same appellation.  
The distinction between Time Appellation and Time-Span is conflated by 
Musinfo into a single notion. A single thesaurus handles all names of historical 
                                                 
78 A property hierarchy has only recently been integrated onto the CRM. 
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events and periods, such as “Révolution française”, and names of temporal 
intervals, such as “18 siècle”. The CRM allows for a fully developed set of 
temporal operators as defined by Allen. [ALLEN 1983] Musinfo supports only a 
limited subset of these operators. In practice this does not appear to cause any 
great inconvenience. 
Conversely, the CRM does not provide an entirely consistent mechanism 
for dealing with the property hierarchy (a reflection of the fact that the property 
hierarchy is a fairly recent addition to the CRM, one which was anticipated by 
Musinfo). Unlike the CRM Type hierarchy, which is assigned a specific CRM 
class (E55), no corresponding class is provided for the property hierarchy. 
7.5.2 Musinfo API  
The preferred means of developing application logic in an object-oriented 
environment is by using object methods. Programming code – procedures and 
functions – is associated directly with each object type. The set of methods for an 
object provides an API to the inner workings, effectively hiding the messy details 
from view and ensuring a consistent and reliable functionality. This approach also 
facilitates maintenance: so long as the interface remains constant, the details of 
internal implementation can be altered without provoking a “ripple effect” of 
cascading modifications. 
A relational database engine does not offer native support for the 
development of encapsulated object methods. However, by careful use of stored 
procedures it is nevertheless possible to arrive at much the same result. The 
following description of the approach used for Musinfo is based on the 
terminology used by Oracle. 
Oracle allows stored procedures to be developed in either PL/SQL, a 
proprietary language that is a procedural extension of SQL, or in Java. At the time 
that Musinfo was being developed, support for Java was relatively recent, and not 
entirely stable. Consequently, Musinfo was developed using PL/SQL. 
Oracle “stored procedures” can be written as stand-alone procedures, or 
functions, or combined into “packages”. A package is a logical grouping of 
functions and procedures that have a common purpose and which are designed to 
function together. Oracle provides a number of packages as part of the standard 
distribution; these include functions and procedures for, amongst other things, 
enabling Web access, programming dynamic SQL, and local file access. A 
package is divided into two sections: an interface, which contains a list of all the 
procedures, functions and variables that are visible to other programmes; and a 
body, which contains all the code necessary to execute these functions. The body 
may also contain “private” code and variables, not mentioned in the interface 
section, which are thus hidden from external view.  
The Oracle package construct can be used to develop object methods. A 
package can be created for each object type. The package “interface” section 
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provides access to a set of encapsulated functions and procedures, which can be 
considered as the object methods. Oracle’s call syntax facilitates this use. Calls to 
packaged functions are prefixed by the package name. The package name 
constitutes a unique namespace so that the same function, or method names, may 
be used in several packages. This has the advantage of allowing a syntax 
resembling that of object-oriented method calls. For example, given two 
packages, one for Actors and one for Documents, it becomes possible to define 
insert procedures for the two “classes”. These may be called as follows: 
Actor.INS (‘John”, “Wood’); 
Document.INS (‘Le Rouge et le Noir’); 
In Oracle terminology, this code calls the “INS” functions of the Actor and 
Document packages. In oo terminology, the “INS” methods of the Actor and 
Document objects are called. 
For Musinfo, a package was developed for all the major classes in the data 
schema: Catégorie, Objet, Document, Acteur, Evénement, etc. In each case, 
methods (functions) were provided for four major database operations:  
INS, create a new instance  
DELETE, remove an existing instance 
UPDATE, update an existing instance 
GET, retrieve an existing instance 
QUERY, return a set of instances according to search criteria 
Access to the secondary entities – Dimension, Time-Span, and Contact 
point – was embedded in the methods of the corresponding major classes. 
Dimension, for example, is treated simply as an attribute of Object and cannot be 
manipulated directly. 
The complete set of package interfaces for all the classes in the data 
schema constitutes the database API. This API, combined with the type hierarchy, 
effectively defines the logic of the class hierarchy, associates classes with their 
attributes and provides class-specific behaviour and validation. It is important to 
realise that all normal database operations have to make use of this API. Direct 
access using SQL tools short-circuits the programming logic built into the class 
methods and may disrupt the integrity of the database. 
A principle function, “Main”, was also defined to facilitate access control. 
This function accepts the object type, operation type and object data as input 
parameters, as well as the user’s access code. This code can be used to check the 
user’s profile, database rights, preferences, etc. After control, the main function 
then dispatches the call to the relevant class or package. 
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7.5.3 Presentation logic 
Each class or entity in Musinfo is presented in an appropriate fashion with 
the relevant attributes. To achieve this, the logic needed for defining data 
presentation is incorporated into the user interface, written in HTML/javascript. 
Modifications to the data schema, such as the addition of a new subclass or 
modification of attributes, require modifications of both the class API and the user 
interface. While this is not in itself problematic, it can be a source of errors due to 
misunderstandings. A more coherent approach would have been to centralise the 
presentation logic within the type hierarchy, or the class API. Information about 
which attributes belong to which classes, and about the class hierarchy itself, 
could thus be combined. 
7.5.4 Choice of oo or relational database engine 
Since the CRM schema is based on an object-oriented data model, the 
question arises whether or not an object-oriented database engine is preferable or 
indeed necessary for implementation. 
Object-oriented database engines undeniably offer certain technical 
advantages over relational technology. The reference version of the CRM is 
currently stored in the data dictionary of the SIS system developed by ICS Forth.79 
This system provides native support for all the constructs used in the CRM. Other 
oo database engines offer similar facilities. Using this type of technology means 
that issues relating to specialisation, inheritance, encapsulation, and other oo 
specific concepts, are all supported directly. 
However, despite these advantages, there are a number of powerful 
arguments in favour of implementation using a more traditional relational 
database engine. 
Relational database engines provided by major software vendors are 
commercially stable. Long-term availability may be crucial in a production 
environment. While the long-term stability of any software is never guaranteed, 
no major object-oriented database has so far emerged with anything like the 
commercial success of the relational products. 
Relational database engines offer a stable architecture, and a high degree 
of cross-platform compatibility. By contrast, oo databases are still relatively 
unstable and mutually incompatible. No fixed standard exists to specify minimum 
functional capabilities, and considerable disagreement still exists about some 
aspects of object-oriented implementation. 
A wide range of software tools covering all aspects of conceptual design 
and development are available for relational databases. No comparable range of 
object-oriented CASE tools exists for object-oriented development. Indeed, the 
                                                 
79 The Semantic Index System – SIS http://www.ics.forth.gr/proj/isst/Systems/sis.html 
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standards that make these tools possible – SQL, ODBC, JDBC, etc. – are not 
supported by many oo databases. 
A vast pool of programmers exists with the necessary skills for relational 
database development. The languages and techniques needed for oo databases are 
less well known. 
Popular relational database vendors are progressively moving towards the 
integration of oo techniques and capabilities. This provides an evolutionary path 
towards object orientation, rather than an abrupt jump. 
In view of these considerations, the additional overhead involved in 
supporting oo concepts with a relational database engine was considered as a low 
risk compared to the problems of adopting an unfamiliar oo database engine. 
7.5.5 Implementing an oo class hierarchy with a relational DBMS 
The general principles of mapping an object-oriented schema to a 
relational DBMS are discussed in CROFTS 1999. The following deals with issues 
specific to the Musinfo class hierarchy. 
The main feature of the solution adopted for Musinfo was to collapse all 
the major class hierarchies into a reduced set of head-classes. Each major class is 
represented by a separate table that combines the attributes and links used by all 
the classes in the hierarchy. (Theoretically this process could be continued until 
only a single table remained, but this would not be a practical solution.) The “has 
type” attribute, which links to the “Type” hierarchy, is used to store information 
about the subclasses to which any instance belongs. This approach provides a 
flexible solution to the problem of implementing a class hierarchy in a relational 
database schema.  
Similarly, multiple relations or property links are collapsed into high-level 
“property classes” with a “has type” attribute. These property classes provide a 
flexible means of modelling multiple link types between entities. Each property is 
identified by the names of the two CRM classes to which it links (the property’s 
“domain” and “range”). In common with other CRM classes, each property link 
uses a “has type” attribute, which indicates the nature of the link. A “relationship 
hierarchy” was developed for Musinfo in order to manage all the relationship 
types. This hierarchy includes all the property types currently used in the CRM. 
An advantage of this approach (as opposed to creating direct relational links) is 
that when new link types are required, they can simply be added to the relation 
hierarchy without any need to modify the data schema. 
One drawback to this approach is that the class hierarchy is no longer 
visible in the data schema, since it has been subsumed into the type hierarchy as a 
set of records. As a result, constraints on the scope of relations cannot be 
implemented as part of the data schema. By itself, the data schema would allow 
the creation of inappropriate property links, such as the use of a fictional person as 
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the creator of a real object, which are rendered illegal by the CRM. These 
constraints are, in fact, present in Musinfo but they are enforced programmatically 
as part of the API and the user interface rather than as part of the data structure. 
This is an inevitable consequence of the lack of static specialisation as a feature of 
the relational database and the transformation of the CRM structure into data 
within the type and relation thesaurus. This approach undeniably renders 
modifications to the application more complex. In this respect, an object-oriented 
DBMS, which allows the explicit definition of a class hierarchy, would be much 
easier to use. 


































































































































Fig. 32 – Musinfo logical data schema 
7.5.7 Formal aspects of the schema 
This logical data schema shows the basic structures used in implementing 
the Musinfo database. For clarity, domain-specific implementation details have 
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been omitted. The schema can be considered as a synthesis of the elements 
common to all three institutions. 
The schema is an entity-relation diagram based on Merise formalism.  
• Entities are represented as rectangles, relations (links) as ovals. 
• Cardinality constraints are indicated by a pair of numbers, minimum 
and maximum, on each side of a relation. 
• Relation classes, which serve as generic links between entities are 
indicated with shading. 
• Recursive relations, used mainly for nested hierarchies, are named and 
have a type attribute but no shading. 
As this is a logical, not a physical model, foreign key field attributes used 
for creating table joins are considered to be implicit and are not shown. Attributes 
are given a three-letter prefix to indicate their nature: 
• LBL  short text field (label)  
• TXT  long free text field 
• LOG  Boolean true or false 
• NUM numerical value 
• PRX  monetary value 
• TYP  controlled type value derived from thesaurus or authority list 
The thesaurus structures needed for the class hierarchy and the relation 
hierarchy (CRM entity E55 type) are omitted from the diagram. Each major entity 
and relation has a “type” attribute. This should be read as a link to the thesaurus 
type hierarchy. These links create functional subtypes. Appropriate attributes, 
presentation and validation logic are determined according to information 
contained in the type thesaurus. 
Similarly, the structures used for storage and management of full text 
remarks are also omitted from the diagram. Each entity may be associated with a 
number of free text comments. The join criteria used for remarks are the table 
name, the record ID and a theme code, used to differentiate remarks by topic. Free 
text fields are used for documenting a wide range of attributes including technical 
descriptions, condition reports, notes on identification, provenance and 
interpretation.  
Finally, attributes needed for record locking and for the management of 
access rights have also been omitted from the diagram. 
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7.5.8 Description of the logical schema 
All the major entities in the data schema are recursively linked. These 
recursive links can be used to create nested hierarchies, as well as providing links 
between different subtypes of the same entity. The recursive link on Objet, for 
example, is often used to associate an object with its components, in cases where 
each part requires a separate record. While it is possible to calculate the number of 
component parts which go to make up a composite object through the recursive 
Object link, the NUM_ELEMENT attribute is nonetheless useful as a control. The 
distinction between consists of and falls within, made by the CRM, is 
implemented in Musinfo as a subproperty as described above (6.4.6). 
The recursive link on Evénement is not intended to be used for temporal 
inclusion, occurs during, where one event falls within the time frame of another, 
as this can be deduced from the inclusion of one event’s time-span within another. 
The CRM “primitive values” class has no equivalent in the Musinfo 
schema. This class is simply a container for primitive values such as “number” 
and “string” and was included in the CRM for the sake of completeness. The 
Oracle DBMS offers a range of primitive types, which require no further 
definition. An exception to this rule is the CRM time primitive. The CRM 
recommends that all dates and period functions should be handled by a time 
primitive using the Time-Span class as the basis for storage and retrieval of 
chronological information. As already mentioned, Musinfo uses specific 
application logic for handling dates using lower and upper bounds, 
NUM_DEBUT and NUM_FIN in the Evénement entity. 
The Musinfo logical schema is a subset of the CRM schema. It includes 
four primary entities: OBJET (items in the museum collections), PERSONNE 
(actors, either individuals or groups), EVENEMENT (which includes historical or 
administrative events as well as events relating to the creation and discovery of 
objects) and DOCUMENT (which includes images, books, periodicals, contracts, 
correspondence and unpublished “grey” literature). 
The schema uses separate entities for documents and physical objects, 
whereas the CRM treats both as subclasses of an abstract “object” class. This 
separation was made primarily for implementation reasons. In use, the logical 
result is much the same as would have been achieved if both had been 
incorporated into an abstract superclass, although a union query of documents and 
objects is slightly more complex to execute. The attributes for Document are, as 
would be expected, different from those of object. Specifically, Document does 
not have any attributes for physical location and dimensions. (It should be 
remembered that Document refers here to an object of intellectual property, rather 
than a particular physical copy.) The shortcut link, DAT_OBJ_PERS, which 
allows objects to be directly associated with a person without specifying any 
intermediate event, has its parallel in DAT_DOC_PERS. A fully developed path 
through the event entity is available for both objects and documents. The 
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document entity, it will be noted, has fewer repeating attributes than the object 
entity: a reflection of the museum’s focus of interest. 
The Objet entity is directly associated with five sub-entities used for 
repeating values: ID (used for identification codes such as inventory numbers), 
APPELLATION (used for titles and proper names), CATEGORIE (used for type 
classification), MESURE (used for dimensions and other quantifiable properties), 
and INSCRIPTION (used to record any written inscriptions and symbols present 
on the object). All the primary entities have an appellation attribute. However, 
repeating values were not thought necessary for document and événement. 
Personne has appellation, nom, prénom and surnom attributes. 
Personne is the only other entity to be associated with a repeating value 
entity, Contact, which is used to list addresses and contact details for actors. 
Personne, Evénement, Objet and Document, all have attributes containing 
place names (LBL_VILLE, LBL_CANTON, LBL_PAYS, LBL_LIEUX, 
LBL_LIEUX_REP, LBL_LOCAL_HAB, LBL_LOCAL_ACT, 
LBL_LIEU_EDIT). The values contained in these fields are controlled by a 
thesaurus of geographical place names, which ensures consistent spelling and 
allows hierarchical queries. A search on “Suisse”, for example, can be expanded 
to include the names of individual cantons, and cities. This solution is not entirely 
satisfactory, though, for a number of reasons. As with the TGN, the geographical 
thesaurus allows place names to be organised into a terminological hierarchy. No 
data are given concerning the co-ordinates and the area of a place, nor for the 
historical validity of the name. In the absence of any spatial or temporal 
information, the thesaurus does not provide an adequate means of representing the 
complexities of physical and political geography over time. Furthermore, 
provision for the description and documentation of the places referred to is 
inadequate. Apart from the place name itself, only a short textual definition is 
possible. Confusion also arises because of the non-unique nature of place names, 
particularly in a historical context. The use of a Place entity, as recommended by 
the CRM, in conjunction with a geographical information system (GIS), would 
help to overcome these limitations. 
Many museum objects, paintings, drawings, coins, engravings, etc. carry 
representations of other objects, events and people, either real or imaginary. 
Representation is documented in Musinfo by two mechanisms, in accordance with 
CRM recommendations. Real objects, people, and events can be documented as 
instances within the Musinfo database. A person who is the subject of a portrait, 
for example, can be entered as an instance of Personne. The generic relational 
links from the Objet entity can then be used to associate the individual in question 
with the objet. The code value for “représenté par” will be given to 
TYP_OBJ_PERS. The same approach is used for all concrete instances with the 
exception of places that are represented. These are documented using the free text 
LBL_LIEUX_REP attribute in conjunction with the geographical thesaurus of 
place names. Fictitious or imaginary events, as well as general categories of 
objects, are documented using the TXT_ICONO field in association with a 
thesaurus of iconography. This thesaurus provides standardised terminology for 
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the description of a wide range of types of objects, events and characters, and 
allows hierarchical queries using the expansion of broad terms into a list of more 
specific ones. (A search for “animal domestique”, for example, will retrieve 
“chat”.) This double mechanism effectively allows references to be made to 
classes of objects as well as to specific instances.  
7.6 Critical evaluation of Musinfo 
7.6.1 Pluri-disciplinary 
The Musinfo project confirms that the CRM can successfully be applied to 
a wide range of cultural heritage institutions. Between them, the three institutions 
which were the original members of the Musinfo project – the Musée 
d’ethnographie, the Museum d’histoire naturel and the Musées d’art et d’histoire – 
cover almost the entire spectrum of cultural heritage collections. The addition of 
the iconographic collections of the BPU and the FMAC, further extends the scope 
of the Musinfo database. The same logical schema was adapted to meet the 
requirements of each institution, facilitating data exchange and enabling cross-
disciplinary queries. Some extensions were needed to the CRM schema to deal in 
particular with natural history requirements. (Many of these have since been 
incorporated into the CRM.) This experience confirms that the CRM design can 
be extended to meet new requirements. The scope of the CRM is sufficiently 
broad, the constructs found in the schema are appropriate, and the CRM extension 
mechanisms can be successfully applied without disrupting the overall structure. 
7.6.2 Multiple access points 
Musinfo allows different access paths to be explored. While traditional 
museum catalogues are often entirely object-centric, and can only offer 
information relating directly to collection items, Musinfo offers the possibility of 
adopting any high-level entity as a focus of interest. This means that queries can 
be formulated about events, people or concepts as well as collection items. The 
results of such queries may be explored to reveal related instances in other classes. 
The result is an “encyclopaedic” network of related information that considerably 
enhances the value and interest of the system. 
7.6.3 Contextual information 
By allowing detailed documentation of entities other than collection items, 
Musinfo offers a depth of contextual information that is lacking from object-
centric museum catalogues. Implicit entities, which can only be named in a 
traditional catalogue, can be described and documented in detail. This approach 
helps to ensure that the contextual information that contributes to the significance 
and importance of a museum object is captured, along with more empirical data 
concerning its appearance and composition. This depth of information is 
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complemented by the extensive use of free-text fields to capture commentary and 
analysis that cannot be readily recorded as structured data.  
7.6.4 Multiple points of view 
One limitation of Musinfo, which has become more apparent over time, is 
the difficulty of recording divergent opinions. This problem stems partly from the 
“one-to-one principle” that any real-world object should be represented by no 
more than one database instance. This rule is difficult to apply in cases where 
doubts exist about the way the world should be described. A difference of opinion 
concerning the attribution of a work, for example, would result in divergent 
networks of instances related to the same object: alternative artists, date and place 
of creation, title, value, etc. Some confusion may result if several interpretations 
are recorded simultaneously in the database since it is difficult, using the implicit 
logic of the relational data model, to differentiate correctly the instances relating 
to one interpretation from the other. The underlying problem here is that 
propositions are normally represented in the relational data model as simple 
predicates, formed by assigning literal values to attributes. This approach is 
sufficient for recording simple affirmations (facts) but is hard-pressed to cope 
with the complex propositions involving modal qualifications, negations, 
uncertainty and contradictions that are so typical of CHI. To compensate to some 
extent for these limitations, Musinfo uses a history of attributions, each of which 
is signed and dated. Only the most recent attribution is considered to be valid. 
This ad hoc solution resolves the particular case of divergent opinions about 
attribution, but its extension to cover all possible areas of doubt and uncertainty 
would greatly increase the complexity of the application. The scale of the problem 
is limited at present because museums generally attempt to minimise the 
appearance of disagreement, preferring to present a unified and “correct” 
interpretation. However, the problem may well become more acute with the 
passage of time, partly because cultural heritage institutions are increasingly 
aware that presenting divergences of interpretation may in fact be of interest, but 
also because divergent curatorial interpretations will tend to accumulate over time 
as opinions are revised. 
Examination of the data that have been entered over the past few years has 
revealed that users themselves are often unable or unwilling to respect the one-to-
one rule. Multiple instances are often found in the database for the same real-
world entity. These multiple instances create problems when querying the 
database. To find all works by a particular artist, for example, it would normally 
be sufficient to retrieve records linked to creation events for which the artist was 
responsible. If more than one instance of the artist exists, all these records have to 
be included in the search criteria, rendering the query more complex and 
cumbersome. Some of these multiple instances are due to minor variations in 
spelling or syntax, which may have prevented users from finding existing records; 
however, others have been recreated after being removed by quality control. On 
closer scrutiny, and after discussion with the users concerned, it becomes apparent 
that these multiple records are the result of another form of divergent opinion, 
since the information they record is oriented in subtly different ways. The 
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biographical details of an artist, for example, may be expressed in different terms 
by the curator of paintings and the curator of prints. Each will seek to emphasise 
the artist’s contribution and skills as a practitioner of his particular focus of 
interest. The recording of these multiple points of view is a legitimate 
requirement, one that is not currently handled correctly and for which Musinfo 
CRM does not offer adequate support. 
7.6.5 Language barriers 
Another aspect of Musinfo that is unsatisfactory is the fact that the entire 
system – data and user interface – is strictly monolingual. This aspect of the 
system is due in large part to the fact that all prior existing documentation is in 
French and the cost of translation would be considerable. It was therefore decided 
from the outset that Musinfo would only support one language. While this is of 
little consequence so long as Musinfo data are used essentially in-house, it is 
nevertheless a handicap when information needs to be exploited at a national or 
international level, particularly via the Web.  
A start has been made on allowing multi-lingual access to information 
stored in Musinfo through the translation, into English, of the terms contained in 
the chronological thesaurus. This allows a chronological query expressed in 
English to retrieve data recorded in French. The system could also be used to 
translate controlled French vocabulary into English for presentation. A similar 
approach could, in principle, be applied to other elements of controlled 
vocabulary. (Translation of free text elements, which make up a large part of the 
content of Musinfo, cannot be satisfactorily translated in this manner.) 
From the point of view of information integration, it is clear that this 
approach offers only limited possibilities for extension since data recorded in 
other languages could be recorded and used in the system only if all controlled 
vocabularies and the user interface are translated. A separate solution would have 
to be found for handling unstructured text. 
7.6.6 Incomplete information 
One final shortcoming of Musinfo is the treatment of incomplete and 
partial information. Unfortunately, it is often the case with museum objects that 
our knowledge about them increases as a result of research. Gaps in our 
knowledge are therefore commonplace. For simple table attributes, unknown 
properties can simply be left as null values. The situation is not so simple, 
however, for related entities, which often form chains. A typical example would 
be knowing that a particular actor was responsible for some action concerning a 
given object, but not the precise circumstances. The Musinfo data schema requires 
an intermediate action event to be instantiated between the Object record and the 
Person who performed the action. Event forms the node for a number of properties 
connected with the circumstances of an action, notably the time and place. If no 
data are available to fill in these properties, a “dummy” event needs to be created 
 167
in order to establish the link between the object and the actor. The hope is, of 
course, that the missing information can be filled in at a later date. This is in fact 
the approach recommended by the CRM. Nonetheless, the creation of dummy 
database records is misleading since, if we apply the one-to-one rule (that a real-
world entity corresponds to no more than one database instance), it implies that 
the action event is distinct from all other events. Since nothing is known about the 
circumstances of the action, this may not in fact be the case. Similar problems 
arise with respect to anonymous actors: creating multiple records with no name 
implies that all the actors concerned are different; creating one record for the 
anonymous actor implies that they are all one and the same.  
The CRM does offer a means of avoiding this type of problem through the 
use of “shortcut” properties. In the case of missing event data, this entails the 
creation of a direct link between object and actor, bypassing the event entity. The 
use of the DAT_OBJ_PER table in Musinfo is designed with precisely this 
purpose in mind. An instance of the fully developed path through the event entity 
necessarily implies an instance of the shortcut. The inverse is not the case, though. 
An appropriate event instance may be created, or links created to an existing event 
record, if and when further data become available. This approach resolves the 
immediate problem with missing event data, but as with the pragmatic fix adopted 
for dealing with attribution histories, it is an ad hoc solution that is difficult to 
generalise. Doing so would require the creation of a “shortcut” link for every 
potential join path within the data schema. 
7.6.7 Unresolved references 
Another characteristic of research in the field of cultural heritage is the 
difficulty of resolving references to people, places, events and objects that occur 
in the historical record. Precise identification is often difficult to establish and 
may require the progressive accumulation and combination of data from a wide 
range of sources. Musinfo offers only limited support for assisting this aspect of 
scientific research largely due to the mechanism used for establishing relational 
links in the database. 
Musinfo uses a conventional relational database approach to creating links 
between instances in different tables. Unique keys are generated and assigned 
automatically when new instances are created. These identifiers are used as 
foreign keys to identify specific instances in table joins as part of an SQL “where” 
clause. One-to-many relations are possible when the foreign key is stored directly 
in a table. Many-to-many joins are possible when an intermediate table containing 
two foreign keys is created. This type of linking mechanism may be described as 
functioning by resolved reference: links may only be established between specific 
instances and not between classes or sets of instances. It has the drawback that 
links have to be established explicitly as part of the data entry process (usual with 
the aid of pick-lists) and that this is only possible if all the instances that 
participate in the link either already exist, and can be readily identified, or can be 
created.  
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Making resolved references is relatively easy in a self-contained 
information space, where users of the system have access to all relevant 
knowledge. Ideally, a user documenting a museum object has access to all the 
information needed for unique identification of the creator of the object and is in a 
position either to select the artist from a list of existing persons, or has the 
authority to create a new instance, as required. These conditions are often 
satisfied, even in the museum context. Users responsible for data entry may work 
from documentation that has been established by curators and other experts, 
leaving few questions unanswered. However, circumstances do frequently arise 
where the need to resolve all references at the time of data entry causes problems. 
To continue the example above, if an artist’s name is ambiguous, incomplete or 
misspelled, it may not be possible to determine precisely which person is 
intended. The user then has three options: a) make an intelligent but possibly 
incorrect guess and establish a link, b) create a new instance with the available 
information, possibly creating a duplicate, or c) omit the information and create 
no link at all. None of these options is entirely satisfactory since they may all lead 
to errors, distorting the source material, or to loss of information. Of course, a 
textual note may be added explaining the difficulty, but this means that the 
problem has fallen outside the scope of the system and is no longer amenable to 
automated processing. 
Similar problems arise if data entry cannot be easily co-ordinated and 
users lack access to the complete dataset. This may arise because users are forced 
to work offline, due to technical constraints; when datasets from previously 
separate sectors are combined; or because of access constraints imposed for 
security reasons. In all these cases, users do not have access to the full set of 
records and may therefore be prevented from resolving references to the 
appropriate instances, leading to the creation of duplicate records. 
Finally, it may not be possible to resolve references due to the state of 
available knowledge at the time of data entry. If only the initials of an artist are 
known, then a number of plausible hypotheses may exist. Firm attribution, and 
hence resolution of the reference, may have to be postponed indefinitely. 
Practical experience with using Musinfo has shown that these sorts of 
problems are in fact commonplace and that their resolution can be complex and 
extremely time-consuming. The progressive accumulation of cultural heritage 
information depends on collective research and discovery. Co-ordination is 
difficult, and the data available at any one time tend to be fragmented and 
ambiguous. The general goal of integrating information from multiple sources 
further reduces the extent to which information-gathering can be controlled. 
Difficulties with the resolution of references were particularly apparent during 
data migration from existing systems. Legacy data were mostly stored in flat-file 
database systems. This documentation tended to be narrow in scope and entirely 
object-centric. References to implicit entities, people, places, events, etc., were 
usually by name. Data migration used a conservative algorithm for identifying 
instances of these implicit entities and creating the appropriate relations – a 
strictly identical match of appellation and chronological data being necessary to 
establish identity. In cases of variation, multiple instances were created. This 
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approach was necessary because of the many highly similar appellations that exist 
for genuinely different instances. It was thought preferable to create redundant 
instances, which could subsequently be combined, rather than risk conflating two 
distinct instances.  
This strategy was not entirely successful, often resulting in precisely the 
sort of error that needed to be avoided. Firstly, the data used to establish identity 
were often vague and incomplete. This would mean that the identity test was 
being made on the basis of very little data, often leading to erroneous matches. All 
undated archaeological finds from “Greece”, for example, became associated with 
a single dig. Conversely, extremely minor variations in spelling or punctuation 
would often lead to a failure of identification and the creation of multiple 
redundant instances. In fact, the number of variant forms exceeded all 
expectations. One curator at the MHN, for example, had succeeded over the years 
in creating more than twenty variations of his own name. 
These difficulties are not, of course, peculiar to Musinfo, since they stem 
from the logic inherent in the structure of the conventional DBMS. The context in 
which Musinfo is designed to function does tend, though, to highlight the 
limitations imposed by this technology. A link mechanism capable of allowing 
references to remain unresolved would considerably enhance the ease with which 
information could be integrated, as well as improving the fidelity with which the 
historical record is transcribed.  
7.7 Perspectives and conclusion 
The initial development phase of Musinfo came to its official conclusion 
in November 1998. Henceforth, priority was given to completing and 
consolidating the inventory of the museum collections and to developing tools for 
the diffusion of the information stored in the system. At the time of writing, 
Musinfo contains catalogue information for well over 300,000 museum objects. It 
remains, however, essentially a professional tool and public access to information 
about Geneva’s collections is not yet possible. Consequently, the full potential of 
the information stored in the system is not yet being exploited. A number of 
extensions to the Musinfo system are planned which will help to make this a 
reality: 
• access to catalogue information for researchers and members of the public 
via the Web 
• enhanced cross-disciplinary consultation between institutions to provide 
better integration of related information 
• integration of information from other sources and institutions, notably 
Universities and other cultural organisations and museums in the Canton 
• enhanced interactivity and pedagogical tools 
Taken as an implementation of the CRM, Musinfo underlines the need to 
adapt the general conceptual scheme that the CRM provides to meet the specific 
requirements of a practical implementation. This adaptation is made possible by 
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the use of hierarchies, for both classes and properties, which enables extensions to 
be created without disrupting the general structure, and through the addition of the 
type and property thesaurus, which can be used to add fine-grain detail to the 
general classes and properties defined by the CRM. This “type hierarchy” also 
provides a convenient mechanism for implementing the CRM using widely 
available relational database technology, thereby combining some of the 
advantages of an object-oriented approach with the stability of familiar software 
tools. The success of Musinfo in adapting the CRM to the requirements and 
strategic orientation of three contrasting institutions confirms the flexibility and 
value of this approach. 
The CRM schema is sufficiently rich to allow the documentation of a 
broad range of cultural heritage collections, extending beyond the traditional 
object-centric view to include the documentation of contextual information about 
persons, historical events, places, classification categories and source 
documentation. These structures allow a depth of information to be recorded that 
enables museum objects to be placed into their historical, stylistic and 
geographical context, and provide alternative paths for information access and 
exploration. Furthermore, recognising that structured data alone are insufficient to 
capture all the subtleties of scholarly documentation, Musinfo makes full use of 
the CRM P1 has_note property to provide facilities for additional contextual 
notes, integrated with the structured data. This depth of information is needed if 
the full meaning and significance of items in museum collections are to be 
recorded and transmitted. 
All data stored in Musinfo can be consulted and manipulated together, 
regardless of the original source and the sector responsible for creating and 
maintaining the information. In terms of the datasets it was designed for, Musinfo 
can thus be characterised as a fully homogeneous information system.  
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8 Referencing mechanisms and identity 
8.1 Introduction 
The use of standard communication protocols such as HTTP allows data 
transfer between heterogeneous systems. Building on this basic level of 
communication, the CIDOC Conceptual Reference Model provides an ontology 
for mediating information between semantically incompatible systems. Using 
these tools it is possible not only to send and receive data, but also to interpret the 
information they contain. However, this level of interoperability, though 
necessary, is only part of the problematic of integrating CHI for we must also 
address the question of identity. The integration depends not only on the semantic 
compatibility of information from sources A and B, but also on the ability to 
establish whether A and B are in fact dealing with the same things: we need to 
know not just that A and B are talking about people, places, events and things, but 
also to which people, places, events and things they are referring. 
In a closed system, such as a museum collection or library catalogue, the 
conditions needed to establish identity are often overlooked, since the relationship 
between real-world objects and their corresponding surrogate records in the 
information system can be tightly controlled and becomes transparent. Library 
call numbers and museum inventory numbers are physically written onto or 
attached to books and museum items. These identifiers are recorded in the 
information system and constitute an unambiguous link (so long as errors are 
avoided) between data records and physical objects.  
By contrast, entities such as places, concepts, events and people, which lie 
beyond the institution’s domain of responsibility, are usually not documented 
explicitly and are often referred to simply by name. Although considerable efforts 
have been made to harmonise terminology in a number of fields, variant forms 
and duplicate names frequently arise, making it difficult to establish identity 
without considerable interpretative effort. This may be of little consequence in a 
local context, since the entities to which names refer are not owned or managed 
by the institution, cannot be retrieved and are peripheral to its central concerns.80 
                                                 
80 A striking example of this “collection-centric” worldview can be found in Neil Thomson’s 
description of the British Natural History Museum’s “whole museum” information system. 
Thomson gives the following example of the intended functionality: “An enquirer is interested in 
George Forster, the artist. Entering the name into the summary system provides a hit-list of results, 
including ... the Museum’s collection of drawings by Forster from Captain Cook’s second 
voyage”. [Thomson 2000] What is significant here is that a series of items in the collection is 
substituted for information about the artist himself. Someone interested in “Forster, the artist” 
might be frustrated by this response, wishing to know more about the person: where he was born, 
his training, how he came to be in Captain Cook’s service, etc. 
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The problem of establishing identity becomes critical only when data from 
different sources are combined, resulting in duplicate and redundant records and 
incompatible references. Variant forms of names, linguistic differences and partial 
or conflicting data all contribute to the difficulty of eliminating duplicates and 
ambiguity. 
An important distinction, underlying all information systems, can be made 
between real-world objects, which lie outside the scope of information systems, 
and the surrogate data objects81 that take their place within an information system. 
Difficulties stem from the need to establish and maintain the correspondence 
between them and from the confusion that may sometimes arise when this 
correspondence becomes transparent and is ignored. While closed information 
systems can, at least in principle, ensure an unambiguous and unique 
correspondence between data objects and external entities, problems may arise 
when data from these closed systems are placed in a collaborative, global context. 
Being able to establish identity is of fundamental importance to the 
creation of an integrated network of cultural heritage information. Information 
networks are constructed with links and references between items of information. 
Ambiguity about the identity of these items undermines the fabric of the network, 
making it difficult to refer to anything. With the creation of the Web and the 
subsequent publication of cultural heritage information, museums, archives and 
libraries are gradually building a global pool of information. The goal of 
integrating these sources of CHI depends to a large extent on the possibility of 
creating cross-references between different pieces of information. A description of 
a work of art owned by one institution, for example, should refer to other works 
by the same artist owned by other institutions, to biographical information about 
the artist himself, and to contextual information about the place where the work 
was executed, etc. Cross-referencing allows information about different entities to 
be linked together to create a coherent network, enhancing the value of each 
individual piece of information.  
At present, the references contained in cultural heritage information 
available on the Internet are predominantly intra-institutional; few attempts are 
made at cross-referencing between sites and sources. While many factors 
contribute to this situation, the technical mechanisms used in the creation of 
references, HTML hyperlinks in particular, play a significant role. The creation of 
hyperlinks in Web documents is primarily manual, difficult to achieve, and 
difficult to maintain.  
We offer an analysis of the difficulties inherent in the reference 
mechanisms currently used in the creation of Web pages, examining in detail two 
approaches designed to overcome the limitations, based on global unique 
identifiers and on controlled terminology. We then develop an alternative 
                                                 
81 The term “data object” is used here, as elsewhere, to refer primarily to digital surrogates of real-
world objects, such as images, text files, and database records. A data object may be extremely 
summary – no more than an inventory number or a name – or verbose and highly detailed. 
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approach to referencing that, we argue, is better adapted to the requirements of 
cultural heritage information. 
8.2 Terminology 
For the purposes of our discussion we adopt the following definitions: 
 
Reference An element of an information resource, such as a 
noun phrase or a numerical value, which alludes, 
either explicitly or implicitly, to a referent 
Referent An object referred to by a reference 
Surrogate  A data object intended to take the place, within the 
context of an information system, of a referent that 
lies outside the scope of the information system 
Real-Word object An entity assumed to exist or to have existed in reality 
Conceptual object Objects that exist only as ideas, sometimes known as 
“intellectual property”: a subset of real-world objects 
Data object A computer file, database record or similar that can be 
considered as a discrete unit within an information 
system 
Location Path that allows a data object to be retrieved 
Link Mechanism that associates a reference with one or 
more data objects 
Resolution  The translation of a reference into the appropriate 
referent 
Tab. 8 – Terminology for discussion of references 
8.3 Definition of references 
We define references as elements, contained within an item of information, 
that evoke entities82 that lie outside the item itself. A typical example is a 
bibliographic reference made in an article. The text of the article being referred to 
(the referent) does not need to be incorporated in the current article, but is merely 
cited. The reader is responsible for “resolving” the reference, i.e. locating and 
consulting the relevant material. A “foreign key” contained in a relational 
database table is also a sort of reference, albeit less visible for the end user. The 
underlying principle is the same in both cases: the reference identifies a second 
entity.83 
                                                 
82 Unless indicated otherwise the term “entity” is used in this chapter to refer to any identifiable 
object – “instances” in oo terminology – and not merely to classes of objects. 
83 Reflexive references would appear to be an exception to this definition. However, it can be 
argued that these refer to the object in which they are present as if it were a separate entity. 
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8.3.1 Formal and informal references 
A distinction can be drawn between explicit, formal references and 
implicit, informal references. Bibliographic references are explicit because they 
are intentionally presented as links that are designed to be followed. A certain 
formalism, albeit a flexible one, is used to normalise references and to make them 
easier to follow. However, references may also be implicit and informal. This is 
typically the case when the referent is assumed, for the intended audience, to be 
evident from the context or an item of common knowledge. The phrase “In 1743, 
while still doing a few portraits, Hogarth began work on the series called 
Marriage à la Mode.” contains at least three informal references: “1743”, 
“Hogarth”, and “Marriage à la Mode”. These informal references do not follow a 
normalised format, other than that imposed by English; they rely on proper nouns 
and noun phrases. This distinction is important because information resources in 
cultural heritage institutions may contain a high-level of implicit references which 
are difficult both to identify and to process. 
Cultural heritage institutions naturally tend to focus their documentation 
on the objects in the collection. References to collection items are generally 
“explicit” and often make use of formalised identifiers such as accession numbers 
and inventory codes (common practice is to physically attach an identifier – paint, 
ink or label – onto the object itself). However, entities that lie outside the central 
focus of the institution, and usually beyond its control, are evoked with implicit 
references. Implicit references may be used both for certain types of entities that 
the institution does not consider as of central significance, and for entities of a 
type handled by the institution but for which the institution is not responsible. 
8.3.2 Classes of referents 
We may also differentiate four classes of referents: external entities, 
conceptual objects, data objects and locations. 
Entities such as physical objects and events can be defined as entities that 
exist beyond the scope of an information system. Their essence cannot be 
captured in the form of information. Information systems may, though, represent 
these objects as surrogate data records. In the previous example, “Hogarth” is a 
reference to the 18th century British painter William Hogarth, who, as a physical 
entity, clearly lies outside the scope of an information system. A surrogate data 
record giving, for example, details of Hogarth’s biography and accompanied by a 
portrait, can, however, be registered in an information system. Typically, 
references contained in information resources, implicit references in particular, 
have real-world objects as their referent, though they are more usefully resolved 
as links to data surrogates of these objects. 
A similar distinction can be made between intellectual or conceptual 
objects, such as images, texts, books and articles, and their physical 
manifestations. Unlike physical objects, the intellectual content of information 
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objects can often be rendered as data within an information system without any 
loss; references to conceptual objects can be resolved as links to data objects that 
represent the appropriate intellectual content. The “real-world” object in these 
cases can easily be conflated with a file on a computer disk or some other physical 
support. We use the word “book”, for example, to designate both the intellectual 
work and the paper copy. However, it is characteristic of information objects that 
an indefinite number of physical manifestations may exist, on a variety of 
supports, all of which may have equal claim to represent the intellectual content. 
The “real-world” referent of a bibliographic reference is the intellectual content, 
which is common to many physical manifestations, each of which can be seen, in 
some sense, as a “surrogate”. Assimilating an information object with a particular 
physical instantiation can be a source of confusion. 
Data objects, such as files or records in a database, are contained within 
information systems and form a third class of referents. In this case there is no 
distinction between the ostensible referent and its resolution. Gaining access to a 
given data object requires knowledge of its location. It is not enough to know 
merely that a library possesses a book: we also need to know on which shelf it is 
stored if we are to consult it. Similarly, before we have access to a given data 
object we need to obtain its address, which in the context of the Internet usually 
entails a Uniform Resource Locator (URL). The table below gives examples of 
these different classes of referents:  
 
Referent Example1 Example2 
Physical object Painting by Hogarth Exhibition of paintings 
Conceptual object Image of painting Review of exhibition 
Data object Scanned .jpg image file Text file 
Location http://... 3 Tyning End, BA2 6AN 
Tab. 9 – Classes of referents 
In a distributed data environment the one-to-one rule is highly unlikely to 
be respected. Consequently a reference to a single physical or conceptual object 
may often resolve to several surrogate data objects or manifestations. We can 
represent this view as a chain or hierarchy of surrogate resolution. A reference to a 
real-world object, such as person or event, may be resolved to one or more 
surrogate conceptual objects: images, biographies, articles, etc. Each of these may, 
in turn, be resolved to a number of surrogate data objects. At the level of data 
objects it becomes possible to specify a location for retrieval. A data file is clearly 
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Data object :  
JPEG image file 
Surrogate conceptual object : 
Self portrait with Pug, 1749 
Real-world referent:  
William Hogarth  (1697-1764) 
 
Fig. 33 – Reference resolution chain 
8.4 Pragmatic criteria for referencing systems 
In view of the foregoing, what are the qualities we should expect of an 
ideal referencing system? We propose the following pragmatic criteria: 
• Automation:  
An automated reference system is one that is capable of identifying 
both implicit and explicit references contained in an information 
resource and which creates links from these references to appropriate 
data objects contained in the information system, without the need for 
human intervention. 
• Accuracy:  
All references contained in an information resource that may be linked 
to appropriate data objects, and only these, are identified. Given that 
some references may correspond to more than one data object, links 
are created to all relevant data objects and no extraneous links are 
included. 
• Currency:  
Reference links should reflect the current state of knowledge. Links 
should be created as new material is made available, and deprecated 
links removed. 
• Flexibility:  
References should be independent from their possible resolutions. The 
creation of a reference should not impose any specific resolution at the 
moment of its creation. A reference may be created in the absence of 
any surrogate data object and linking differed. 
It should be obvious that existing linking mechanisms, used for the 
creation of hypertext links in Web documents, fall a long way short of these 
criteria. It may well be that a system which is in all respects entirely satisfactory is 
an impossible goal; we shall nonetheless attempt to elaborate an approach which 
improves on current techniques. However, first it is useful to examine in more 
detail the linking systems commonly in use today. 
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8.5 Problems with URL references 
Hypertext links in HTML documents provide the basic mechanism from 
which the “Web” is constructed. The syntax used for defining links allows a 
distinction to be made between the section of text or graphical element which is 
highlighted as the active area of the link, and the target of the link. This 
distinction can be seen as representing the referent and its resolution to a 
particular location. In the following example, “Musinfo website” is the referent 
and “http://www.ville-ge.ch/musinfo” is the location it resolves to. 
<a href="http://www.ville-ge.ch/musinfo">Musinfo website</a> 
The href section of an HTML hyperlink uses a Uniform Resource Locator 
(URL) to specify the location at which a specific resource should be found. URLs 
contain path information to a data object contained in a directory on a specific 
machine accessible via the Internet. This path information forms a globally unique 
identifier. URLs also specify the protocol that must be used to access the resource, 
HTTP being the most common. (URLs may use protocols other than http and may 
also trigger script functions, but these details need not concern us here.) 
Hyperlinks of this sort can be created anywhere within the body of an HTML 
document and can resolve to any data object which is accessible via the Internet. 
HTML documents can be created using a simple text editor, in which case the 
creation of hyperlinks is entirely manual. Web authoring tools simplify the 
process somewhat, but hyperlinks still have to be created “by hand”. 
The HTML hyperlink mechanism has the following characteristics: 
• The creation of references is essentially manual.  
• Links are mono-directional. Reciprocal linking has to be defined 
explicitly.  
• Links are resolved to locations rather than to data objects. 
• Broken links are not detected automatically. 
• References cannot be created unless they can be resolved at the time of 
creation: the resolution forms a structural part of the link. 
• The correspondence between the referent and its resolution depends 
entirely on the diligence of the page’s author. 
The revision of broken links poses a major maintenance burden on Web 
authors. If resources are removed, displaced, or modified, all links to these 
resources need to be updated.84 The Web provides no mechanism to inform page 
authors of the need to update links other than the fact that links fail to operate 
correctly when activated. In the case where the data object at a particular location 
has been replaced or merely modified, no error may be immediately apparent. The 
                                                 
84 The difficulty of maintaining URLs is often cited as a major inconvenience. [Arms 1997] The 
conceptual confusion resulting from collapsing the distinction between referents and data 
surrogates is often overlooked. 
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workload this implies in a distributed environment constitutes a major 
disincentive to the creation of systematic cross-references. Authors naturally 
prefer to restrict references to the material for which they are responsible. Clearly, 
this state of affairs is not conducive to the creation of an integrated network of 
cultural heritage information. 
Several attempts have been made to overcome these limitations, while 
remaining close to the basic URL approach. The Internet Engineering Task Force 
(IETF) is working on the proposals for Uniform Resource Names (URNs) which 
are intended to provide persistent names for Internet resources. A variety of 
schemes for URNs are under evaluation, but at the time of writing none has 
received approval. [URN 1996] Two systems, close to the URN approach but 
which are already operational, are Persistent URLs (PURLs) and Digital Object 
Identifiers (DOIs). 
8.6 Persistent URLs 
Persistent URLs or (PURLs) are an attempt to overcome one of the major 
limitations of URLs described above by providing a mechanism for the creation of 
permanent and stable references. The Online Computer Library Center (OCLC), a 
non-profit computer library service and research organisation based in the US, is 
the major proponent of the use of PURLs and maintains a PURL server, primarily 
for the use of the library community, which has been running since January 1996. 
OCLC is encouraging the adoption of the PURL model by making the server 
software available to other organisations with a commitment to maintaining 
persistent naming schemes, and PURLs are already in use by a number of 
agencies, including the Internet Cataloguing Project, funded by the US 
Department of Education. Some museums have announced their intention to set 
up PURL servers.85 OCLC sees PURLs as an intermediate practical solution, 
which may be replaced at some stage by an emerging standard for URNs 
(Uniform Resource Names). 
OCLC has a particular interest in overcoming the instability of URLs 
because of the workload involved in maintaining references to information 
available via Internet: 
The unpredictable mobility of Internet resources is an inconvenience at best. For 
librarians, it is a serious problem which compromises their service to patrons and 
imposes an unacceptably large burden on catalog maintenance. [OCLC 1996] 
As noted earlier, references based on URLs require the immediate 
resolution of links to Internet locations. The basic idea behind PURLs is to 
                                                 
85 “Goal 6: Provide robust naming services.  
6.1 Implement local PURL server and policies for distributed PURL creation and maintenance.  
6.2 Enhance (or replace) PURL software to provide additional features including enforcement of 
naming conventions, individual user authorization, and multiple resolution capability.  
6.3 Install resolution services in a high-availability, rapid-response configuration.” [DSPC] 
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introduce a level of indirection, separating location from identification, which 
enables resolution to be differed. References can be made to a resource, rather 
than a location, and the current location resolved only at the moment when the 
link is activated.  
PURLs provide the means to assign a name for a network resource that is persistent, 
even if the item changes its actual location... PURLs distributed in bibliographic 
records or by any other mechanism can remain viable over time without propagating 
the maintenance task to all instances of the records. [ibid.] 
As an example, at the time of writing, the PURL “http://purl.org/dc/” 
which identifies the Dublin Core Metadata Initiative currently resolves to 
“http://dublincore.org/”. A Web page containing a reference to this PURL does 
not require any modification if the Dublin Core home page is moved to a different 
location. 
The mechanism used to achieve this persistence is partly technical, partly a 
question of organisation. The PURL server, maintained by OCLC, is based on a 
table of equivalence between PURLs and their current URLs: 
The PURL Resolution Service associates the PURL with the actual URL and returns 
the URL to the client. The client can then complete the URL transaction in the 
normal fashion. [ibid.] 
The replacement of PURL with URL is achieved using the standard HTTP 
redirect feature and requires no modification to the client’s installation. 
OCLC does not create and maintain the PURL equivalence tables itself; 
rather, PURLs are registered by the authors of material published on the Internet. 
Registered users create PURLs on the PURL server, assigning a name component 
that identifies a resource and indicating the current URL to which it resolves. The 
PURL’s owner is also responsible for maintaining the PURL if the associated 
URL changes.  
By distributing responsibility for the maintenance of PURLs to 
information suppliers, the system aims to break the costly cascade of maintenance 
and updating required by references based on URLs alone. 
8.6.1 Shortcomings of PURLs 
Whilst offering a number of advantages over URLs, PURLs have some 
shortcomings, which limit their usefulness as a means of establishing a clear basis 
for identity and referencing. 
PURLs can only be resolved to a single location. This fails to represent 
correctly the cardinality that exists between conceptual objects and their multiple 
manifestations, and indeed between data objects and their possible locations. Two 
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manifestations of the same data object would require two PURLs, thereby losing 
their common identity. 
The PURL system only supports a single level of indirection, since a 
PURL resolves directly to a URL. This allows location and identification of data 
objects to be separated, but does not allow real-world objects to be identified and 
referenced since multiple layers of indirection are required. PURL only supports 
the lowest level of our “resolution chain”. 
The absence of any descriptive information about the objects which 
PURLs point to means that it is virtually impossible to discover the PURL of an 
Internet resource. Even for a known resource, no mechanism is available which 
allows its PURL to be discovered. This severely limits the usefulness of PURLs 
for the creation of references in a distributed environment. 
The use of PURLs contributes to, but does not eliminate the problem of 
broken links; maintenance agencies may not update URLs correctly, and if 
resources are deleted, their PURLs nonetheless persist. 
The organisational model depends, for the uniqueness of PURLs, on the 
distribution of authority to registered users who have exclusive rights as 
information providers to assign PURLs to data objects. This distributed model 
would be inappropriate in situations where responsibility for the creation and 
assignment of identifiers is not exclusive. 
OCLC has indicated that it will do everything possible to ensure a smooth 
passage from PURLs to URNs. However, the modalities of this evolution have yet 
to be defined. This indication of the future “non-persistence” of PURLs may 
discourage potential users from registering. 
In spite of the reduction of the need for manual intervention that PURLs 
represent, the creation of identifiers remains a manual process, and, in effect, 
increases the workload for information suppliers. 
8.7 Digital Object Identifier 
While similar in many ways to PURL, DOI goes a stage further by 
incorporating descriptive metadata into identifier records and by allowing 
multiple resolutions. This makes it an attractive system in some respects. 
The DOI system86 is intended to provide an identification service oriented 
towards rights management of intellectual property, offering a mechanism for 
unique and persistent identification. Launched in 1998, it is managed and 
developed by the International DOI Foundation, a non-profit organisation based in 
Washington, US, and Geneva, Switzerland. The DOI has attracted significant 
                                                 
86 http://www.doi.org 
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attention from the publishing community as an important new identifier for 
electronic intellectual content. 
The technology underlying the DOI directory and routing system is the 
proprietary “Handle system”87 developed by the Corporation for National 
Research Initiatives (CNRI). DOI is just one of a number of systems making use 
of this technology. Making use of DOI requires the installation of specific 
browser plug-in, or calls to a DOI proxy server. 
The name “Digital Object Identifier” suggests that DOI is intended to deal 
with what we have called “data objects”. However, the associated documentation 
makes it clear that DOI is also intended to deal with “intellectual property 
entities” – which we have called “conceptual objects”. 
The DOI can be described as “persistent identifier of intellectual property entities” 
[DOI 2001] 
The documentation is slightly unclear on this point, however, since it also 
specifies that DOIs can be used to identify the physical manifestations of 
intellectual property entities: 
...the DOI can be used to identify any of the various physical objects that are 
“manifestations” of intellectual property: for example, printed books, CD recordings, 
videotapes, journal articles. [ibid.] p 15 
One may quibble over whether the examples given are in fact physical 
objects: my physical CD may become damaged, a journal torn, but the recording 
and the article remain unharmed because they exist in multiple copies. The 
underlying point is clear, however, that DOI is intended to be used as a means of 
referring both to physical and intellectual entities as well as to data objects, and 
that a distinction is made between the ostensible referent and the data object to 
which a DOI resolves: 
The DOI, though, can be used to identify classes of intellectual property ... that 
cannot be directly accessed in a digital file. 
It is very important to distinguish what the DOI identifies from what the DOI 
resolves to. They may be the same thing but they will often be very different. [ibid.] 
8.7.1 DOI syntax 
A DOI is a character string of arbitrary length composed of two sections: a 
prefix which is assigned to content providers, upon payment of a registration fee, 
by one of the DOI registration agencies, and a suffix, which the content provider 
assigns to individual items. Content providers have the responsibility to ensure 
that suffixes are unique; however, the DOI system also provides a cross-check to 
guarantee unicity.  
                                                 
87 http://www.handle.net 
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The issuing of unique prefixes to Registrant organizations places the onus on those 
organizations to ensure that the DOIs that they are registering are indeed unique. 
However, the DOI system will make internal checks for uniqueness at the time of 
registration. [ibid.] p 22 
The DOI suffix has no implicit structure or length, and existing identifiers, 
such as ISBN numbers, may be used to form the DOI suffix. 
8.7.2 Directory 
DOI assignments are recorded in a distributed directory, which forms the 
basis of a routing system. This directory allows DOIs to be resolved to locations 
(URLs). When the location of an object changes, the content provider is 
responsible for updating the central directory with the new location. 
8.7.3 Metadata 
Although the first version of the DOI system only recorded the DOI itself 
and a single URL to which it resolved, rather like the PURL system, it was soon 
realised that without some descriptive information, the DOI had no semantic 
value. Consequently, a certain amount of descriptive data was incorporated, 
known as “metadata”. This accompanying information is intended to describe the 
object identified by the DOI rather than the data objects to which it can be 
resolved. 
A “kernel” of public metadata in the central directory provides a check on 
correspondence between content and the item that is retrieved. Additional 
metadata are available only to members of a restricted “user community”. In 
principle, the metadata contained in the register also provide a means of 
determining the DOI based on the metadata attributes. However, “reverse look-
up” is specifically excluded from the basic DOI mechanisms:  
... reverse look-up (from the metadata to a DOI) is not a function of the DOI system 
itself. Reverse look-up may be offered by other services as a value-added feature 
[ibid.] p 28 
Apart from the DOI itself, the kernel metadataset contains seven elements, 
derived from the Indecs project. [INDECS 2000] These are listed in the following 
table: [ibid.] p 26: 
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DOI A DOI Mandatory 1 only DOI 
DOI-AP A class of entities 
with common 
attributes 
Mandatory 1 minimum From DOI-AP tables 
Identifier A unique 
identifier (e.g. 
from a legacy 
scheme) applied 
to the entity 
Qualified by 
AP 
1 minimum Any 
alphanumeric 







is normal to 
include a 
legacy 
identifier if one 
exists 
Title A name by which 
the entity is 
known 







be allowable in 
certain APs 
Type The primary 
structural type of 
the entity 
Mandatory 1 only From 
Abstraction  
Tangible Manifestation 
Intangible Manifestation  
Performance 
Mode The primary 
sensory mode by 
which the entity is 
intended to be 
perceived 











certain APs  
Primary agent The name or 
identifier of the 
primary agent(s) 
(normally but not 
necessarily the 
creator) 




















Agent role The role(s) played 
by the primary 
agent(s) 
Mandatory 1 minimum Role code from an agreed 
namespace 
Tab. 10 – DOI kernel metadata elements 
8.7.4 Resolution 
The DOI resolution mechanism allows references to be resolved to a 
number of different data objects. Simple resolution returns a unique URL; 
however, multiple resolution is also possible, which allows a single DOI to 
resolve to a number of URLs or to other types of data objects, automatically 
selecting the most appropriate data object for the circumstances.  
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Fig. 34 – DOI resolution schema 
A DOI can be resolved to an arbitrary number of different points on the Internet: 
multiple URLs, other DOIs, other data types. [ibid.] p 30 
Thus DOI respects the distinction we have made above between the 
ostensible referent and the data objects, which may act as surrogates or 
manifestations.  
At present, the DOI system presents the user with a list of available 
resolutions for a given DOI. It is anticipated that this will become unnecessary as 
entirely automated resolution services are developed, based on directory metadata. 
8.7.5 Evaluation of DOI 
DOI effectively offers a solution to the problem of broken links by 
separating the location referent of URLs from references to physical and 
conceptual objects. The location of data objects that are supports for conceptual 
objects may be changed without the need to revise references. 
By offering a central directory containing descriptive metadata, DOI has 
the potential to provide a searchable resource. Being able to establish the DOI of 
an entity on the basis of available metadata would allow the creation of references 
using the DOI mechanism. However, the absence of reverse look-up within the 
central DOI service severely limits its value in the cultural heritage sector as a 
basis for the creation of references. A reference can only be created if the DOI is 
already known and no reliable means is available for its discovery on the basis of 
descriptive metadata. 
DOI respects the distinction between the entity that is identified and the 
data object to which it resolves. Coupled with the possibility of extending the DOI 
metadata using application profiles, this might allow sufficient flexibility for DOI 
to be extended to encompass the identification of a more comprehensive range of 
entities needed for cultural heritage information. It is important to bear in mind, 
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though, that DOI is explicitly not intended to apply to objects other than 
intellectual property: 
The scope of the DOI is deliberately restricted to intellectual property – a DOI should 
not be applied to anything that falls outside this ... scope. [DOI 2001] p 38 
A workaround might be envisaged whereby DOIs are used to reference 
items of intellectual property that, in turn, act as surrogates of real-world objects 
which are not themselves items of intellectual property. For example, a biography 
or a portrait of a person might be considered as a surrogate for the real human 
being. This appears, superficially, to concord with the distinctions we have made 
above between entities and surrogates. However, this approach introduces a 
degree of confusion since it displaces the referent from the entity itself to a 
surrogate intellectual object. Referring to a person is not the same as referring to 
the biography of the person, even if a reference to a person may best be resolved, 
for practical purposes, by a link to a biographical surrogate. The distinction 
becomes apparent if we seek to relate different intellectual objects to the same 
physical person. DOI will not allow us to do this since the “Person” entity does 
not exist: the top level of our “resolution chain” is missing. 
Furthermore, the DOI restriction to intellectual property is not merely an 
organisational constraint. A number of limitations inherent in the conception of 
DOI prevent its extension to other types of entities; the kernel metadata 
requirement for the DOI registry is ill-adapted to the description of entities other 
than intellectual property. Elements such as “mode”, “primary agent” and “agent 
role” have no clear application to, for example, actors, events or natural history 
specimens. 
The kernel metadata are extremely summary, even with respect to 
intellectual property. Many of the most basic characteristics used for the 
description of objects in cultural heritage collections are missing. The Dublin 
Core metadataset, for example, contains fifteen elements, whereas DOI contains 
only seven. It is doubtful that such a limited set of metadata would allow 
“unambiguous identification” [ibid.] p 28 of intellectual property drawn from 
cultural heritage collections, particularly in view of the fact that the available 
information may be ambiguous and incomplete and is seldom standardised. DOI 
acknowledges that there may be a need to extend the metadata for specific 
applications, known as “Application Profiles”, and suggests, for example, that 
libraries will be likely to use the IFLA FRBR model. However, the extension of 
metadata schemas can be problematic, as experience of the Dublin Core project 
has revealed. The DOI handbook refers briefly to the need to ensure compatibility 
between metadata extensions, but presents only a brief outline of how this might 
be achieved. The <indecs> analysis, used as a basis for DOI metadata, foresees 
the use of an intermediate “event” entity as the basis for ensuring interoperability. 
The DOI approach acknowledges this but then goes on to undermine the need to 
document events explicitly: 
... while it is entirely possible to describe the relationship between an entity and, say, 
its name in terms of an event, such a structure is entirely unnecessary for most 
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purposes and introduces a degree of unwarranted complexity. [DOI 2001] p 71 
It is doubtful, in any case, whether the underlying field/value structure 
used for representing DOI metadata would be capable of supporting the <indecs> 
event structure needed to ensure interoperability. The DOI handbook also alludes 
to the value of standardised terminology as a means of facilitating extensions to 
the metadata schema:  
The use of controlled vocabularies in DOI Metadata Schemas is an essential element 
in underpinning future interoperability. [DOI 2001] p 79  
It envisages the creation of a DOI namespace of controlled vocabularies 
for use in the construction of metadata schemas. However, these measures may 
not be sufficient to ensure interoperability. The development and maintenance of 
controlled vocabularies in a collaborative environment is, in itself, fraught with 
difficulties; just getting all the stakeholders together is a major undertaking. 
Moreover, terminology control raises a number of conceptual problems that limit 
its usefulness as a means of ensuring interoperability. Terminology used in 
different domains may have overlapping extensions or different levels of 
granularity, making it difficult to establish synonymy between terms. Many terms 
refer to multiple entities and some entities have multiple names. Some concepts 
are unnamed, and cannot therefore be subject to terminology. Providing a 
standard vocabulary does not, in itself, guarantee that the same terminology 
always refers to the same entities. The problems of terminology control are 
compounded by a multi-lingual environment. In view of these considerations it 
seems unlikely that DOI metadata can be successfully extended while maintaining 
interoperability. 
As with PURLs, generation and assignment of unique DOIs relies on the 
exclusive rights of content providers concerning a particular digital object. Since 
each DOI can be assumed to be the responsibility of just one content provider, 
there is little risk that multiple DOIs will be assigned to the same object. The 
distribution of prefixes to content providers establishes the global unicity of DOIs. 
This mechanism could, in principle, be applied to cultural heritage institutions and 
to their collections. A unique institutional “prefix” could be allocated, and unique 
numbers assigned by each institution to individual collection items. (A similar 
approach is in fact used by many institutions to establish unique inventory 
numbers.) However, the mechanism does not function well in a context where 
exclusive rights over an object cannot be uniquely assigned and where the status 
of legitimate “content provider” cannot be readily established. This is the case 
with many real-world objects in the public domain and for entities such as people, 
events and places, for which the notion of intellectual property rights does not 
exist; claims to precedence as a legitimate authority might well prove impossible 
to establish. 
DOI reduces the workload implied by the maintenance of references since 
these can be expected to remain valid for a longer period and are not subject to the 
need for constant revision. However, the DOI does not provide a guarantee that 
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digital objects are effectively at the location specified in the registry, nor that they 
are correctly classified. Furthermore, correction of errors would normally lead to 
modification of DOI assignments and consequently to the possibility of broken 
references.88 Manual creation and maintenance of DOIs is still required on the part 
of content providers. Batch updates to DOIs are possible, which also contributes 
to reducing the maintenance workload. However, DOI, like PURL, does not affect 
in any way the need to create references manually. The use of proprietary 
technology and payment of a registration fee might also discourage some 
institutions. 
Finally, we arrive at the conclusion that while DOI undoubtedly offers a 
technical improvement over PURL, it does not have the potential to provide more 
than a partial solution to the problems of referencing and identification of cultural 
heritage information. The key stumbling blocks are the restricted descriptive 
power of the metadataset, the absence of reverse look-up, the considerable 
overhead implied by the manual creation and maintenance of references, and the 
absence of clearly defined property rights for items of cultural heritage. DOI 
would seem to be inappropriate as a basis for the integration of CHI both from a 
theoretical and a practical point of view. 
8.8 References based on unique, artificial identifiers 
All the referencing systems we have so far examined – URLs, URNs, 
PURLs and DOIs – are based on the use of unique identifiers. This is by no means 
exceptional. Most automated reference mechanisms make use of unique 
identifiers as the basis for identification. 
Identifiers (also known as “unique keys”, or simply as “keys”) can be seen 
as a special kind of appellation, or name. They are qualified as “unique” because, 
unlike ordinary names, they refer only to one individual within a given context, so 
no two members of a group will share the same identifier. The use of unique 
identifiers enables individual items within a set to be designated unambiguously. 
This provides an extremely efficient basis for referencing. In a database engine, 
for example, each unique identifier designates exactly one record, so retrieval can 
be extremely rapid. Identifiers are fundamental to relational database systems 
where they form the basis of the mechanisms used in the creation of joins between 
data tables. Non-automated or semi-automated procedures and systems such as 
stock control, library loans, vehicle registration, bank accounts, etc., also use 
identifiers as a means of referencing. All identifiers are intended to be unique 
within a given context, or “name space” – the same telephone number, for 
example, may be assigned to different subscribers in different cities. The 
emergence of an international information space, through commerce and the 
Internet, has led to the creation of a global context and the development of 
systems and organisations devoted to the definition, attribution and maintenance 
of globally unique identifiers (GUIDs), such as ISBN and ISSN for books and 
                                                 
88 DOI handbook recommends that DOIs issued in error should not be reissued. (p22) 
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serials, ISRC for recordings, URLs for Web pages, etc. URN, PURL and DOI are 
a continuation of this trend. 
The pervasiveness of identifiers, and their frequent use in technical 
contexts, has led to their acceptance as the paradigm for reliable identification and 
their fundamental role in the mechanisms currently used for referencing. Many 
documentation professionals and information scientists consider as axiomatic the 
idea that unique identifiers are essential for coherent information management. 
This occasionally leads to the view that GUIDs are the only means to create 
reference links within data.89  
Libraries traditionally use unique identifiers for physical items in their collections... 
Digital resources must also be identified uniquely... An item in the digital archive 
may be accessible through several paths. The item must have a unique name that can 
be used in references from anywhere, on the Internet or in print. [NDLP 1996] 
Principle of Unique Identification: every entity should be uniquely identified within 
an identified namespace. [INDECS 2000] 
As we have seen with respect to PURL and DOI, reliance on unique 
identifiers is problematic in the context of CHI where reliable, globally unique 
identifiers for cultural entities are often difficult to define, and may not be adopted 
when they are. There are, moreover, some general problems that arise with respect 
to referencing based on unique identifiers, which need to be examined in more 
detail. 
8.8.1 Natural and arbitrary identifiers 
Unique identifiers fall into two broad categories: natural identifiers, which 
are based on the properties and attributes of the object they designate, and 
artificial identifiers, also known as opaque identifiers, which have no inherent 
meaning. 
Natural identifiers are constructed from the properties of an object. Given 
sufficient knowledge of the object in question, it should in principle be possible to 
derive the key. In the case of a company’s employees, for example, a natural 
identifier might be constructed from each person’s name, initials, date of birth and 
department code. The chances of finding two employees with the same name, and 
birthday, working in the same department are highly remote. Artificial identifiers, 
on the other hand, are arbitrary and have no semantic significance. They are 
generally composed using a numerical sequence or an arbitrary combination of 
alphanumeric characters. In order to guarantee their unicity, they must be 
generated by a procedure that ensures that conflicts cannot arise, often by a central 
                                                 
89 “ Global unique object identifiers are necessary for the representation and exchange of data on 
the Web. …Without unique object identifiers there is no way to construct a “web” of 
interconnected data.” Stefan Decker email list: http://lists.w3.org/Archives/Public/www-rdf-
logic/2001Feb/0059.html 
cf. Also the DOI handbook. [DOI 2001] 
 189
authority. Whereas natural keys are derived from an object’s inherent properties, 
artificial keys have to be explicitly assigned to the object that they identify.90  
Natural identifiers, because they are derived, have the advantage of being 
easy to generate in a distributed environment. The difficulties associated with 
natural identifiers stem from the problem of ensuring their unicity and 
permanence – if the construction of the identifier is not carefully chosen, different 
entities may sometimes generate the same key; faulty or partial knowledge may 
prevent the identifier from being generated correctly, and unstable or changing 
attributes may lead to the generation of different keys at different times. An often-
quoted example of problems associated with natural keys is the Swiss AVS 
number. Derived from a combination of personal attributes, including date of 
birth, family name and nationality, the AVS number is used to identify individuals 
for the purposes of taxation, national insurance, etc. Marriage, change of 
nationality and other factors require a change of AVS number, and consequently 
the need to maintain lists of equivalent numbers. Because of these difficulties, 
artificial keys are often proposed as the preferred solution for identification. 
8.8.2 Drawbacks of artificial keys for referencing 
Looking back at the pragmatic criteria we defined earlier for an “ideal” 
system of referencing, we note that reliance on GUIDs poses a number of 
significant restrictions: 
Criterion 1 Automation Due to the arbitrary nature of the relationship 
between artificial identifiers and the objects they identify, the automatic creation 
of references is impossible. In order to create a reference the unique key has to be 
known; in order to discover the key, the object to be referenced must be identified 
by some other means. This would normally require human intervention. 
Criterion 2 Accuracy The need for human intervention in the process of 
creating references means that the criterion of complete, relevant and noise-free 
references is unlikely to be met. The need to identify relevant objects “manually” 
means that the result will probably be incomplete. Furthermore, implicit 
references, which are not central to the institution’s concerns, are likely to be 
overlooked, even if potential referents exist. 
Criterion 3 Currency In spite of maintenance policies such as those 
adopted for PURLs and DOI, errors will occur that need to be corrected and data 
objects will sometimes be revised, moved, renamed or deprecated. It is inevitable 
that some of these modifications will lead to broken reference links. Furthermore, 
the creation of new data objects cannot be projected retroactively onto existing 
information resources. 
                                                 
90 In semiotic terminology a natural identifier is an indexical sign whereas an opaque identifier is 
symbolic. It should be noted, however, that indexical signs, such as proper names, may become so 
familiar and “naturalised”, that their conventional nature is forgotten. 
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Criterion 4 Flexibility The creation of references depends on the existence 
of an identifier assigned to the relevant object. Differed or retroactive linking – 
where the reference link is created before an identifier is assigned and activated at 
a later stage – is difficult to achieve since the arbitrary unique identifier cannot be 
determined in advance. 
The use of artificial keys is well adapted to a closed system such as an 
institutional database where information can be shared in a controlled 
environment. Keys can be generated and assigned automatically at the moment 
that a database record is created. However, their arbitrary nature is also a handicap 
when working in a distributed environment, since it imposes the need to provide 
mechanisms that resolve the relationship between identifier and object identified. 
In other words, it has to be possible to determine which object is assigned to a 
given identifier, but also whether an object already has an identifier assigned to it, 
and if so, what that identifier might be. Once the key has been obtained, 
unambiguous identification is easy to establish, but in order to find the key, some 
initial search must be conducted which succeeds in locating the required entity 
without using the key. For this to be possible, something like a systematic 
directory of key assignments needs to be published which contains descriptions of 
the objects to which the keys are assigned. The problem here is analogous to 
finding a telephone number. A telephone directory has to be available, and the 
search in the directory has to be made by name, first name, profession or address. 
If no corresponding entry is found, this does not guarantee that no number exists: 
the directory may not be up-to-date, the name spelled differently, the number ex-
directory, etc. In other words, the value of unique identifiers is limited by the ease 
and accuracy with which the information system allows objects to be retrieved 
without using an identifier. 
The process of creating an identifier and a reference based on it can be 
resumed by the following steps: 
 
Creator of identifier: 
• generate globally unique identifier 
• assign identifier to object  
• publish identifier – object assignment 
 
Creator of reference: 
• locate object to be referenced without using identifier 
• determine identifier assigned to object 
• create reference using identifier 
This process works well enough in cases where responsibility for the 
assignment of an identifier to a particular object is exclusive. This is the case with 
books (ISBN) and serials (ISSN) where responsibility lies with the publisher; 
collected manuscripts being compiled by a researcher (e.g. BWV numbers for J.S. 
Bach’s oeuvre) also fall into this category. Prima facie, museums could be argued 
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to have similar exclusive rights with respect to the assignment of accession 
numbers (inventory numbers) to objects within their collections, although this 
control is mitigated by the fact that objects may change hands, and that many 
objects of cultural heritage are considered as “public heritage”. No system 
currently exists, comparable to ISBN, for the assignment of globally unique 
museum inventory numbers. The situation is more complex with respect to objects 
that do not form part of any collection and for which no exclusive right of 
assignment can be established. This is the case with many secondary entities, 
which form the contextual information surrounding collection objects: actors, 
places, events, styles, techniques, etc. In the absence of any criteria for 
precedence, it is difficult to imagine how the multiplication of identifier 
assignments can be avoided. 
An important “anthropological” point, which deserves mention, is that 
because of their lack of semantic content, artificial unique identifiers are also 
difficult for error-prone humans to deal with. Humans, unlike computer systems, 
are excellent at interpreting ambiguous and incoherent content, but notoriously 
bad at copying semantically meaningless strings correctly. 
Given considerable effort and organisation, it may well be possible to 
generate community-wide identifiers for certain classes of objects needed for 
cultural heritage information. These include intellectual property objects and 
physical objects belonging to institutions. However, many of the entities needed 
for cultural heritage information cannot be assigned unique identifiers in this way: 
concepts, people and events are obvious examples. No group or person can claim 
exclusive rights of identifier assignment, no agreed system exists to ensure unicity 
of keys for CHI, and there is no directory to ensure that keys can be determined 
once they are assigned. Clearly, the assignment of GUIDs does not offer a 
solution that can be easily generalised. 
8.9 Controlled terminology used for identification 
The use of controlled terminology and names to form “natural” identifiers 
represents an alternative to approaches based on unique identifiers. Projects such 
as the Getty vocabulary programme aim to create a central reference authority that 
can be used by documentalists and researchers. The reference proposes preferred 
forms for the names of entities, which can be universally adopted. These 
“authorities” may be generated either a priori, on the basis of analysis of the 
domain, or a posteriori, based on existing data. 
8.9.1 Controlled terminology 
The conventional view of terminology control is that its primary purpose is 
to ensure accuracy of retrieval. By adopting an agreed set of terms, it is argued, 
users searching through catalogues can express their queries in a way that the 
system can interpret more easily. This is actually not a very strong argument for 
terminology control, since it is based on a fairly primitive view of what 
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information technology can achieve. Rigidly controlled vocabulary, though it may 
be convenient for documentalists, is no longer necessary for retrieval since 
modern documentation systems are capable of dealing with synonyms and variant 
forms. In fact, constrained vocabulary is often a barrier to retrieval since users are 
obliged to master it before they can make successful use of the system. 
An alternative line of reasoning views controlled vocabularies – and 
thesaurus in particular – as providing identifiers for concepts and entities that lie 
outside the scope of the information system. This interpretation is made explicit in 
the ISO 2788 which indicates that “descriptors” may represent three types of 
entities: a) concrete entities, such as objects and material, b) abstract entities such 
as actions, events, disciplines and units of measurement, and c) individual entities, 
in a manner analogous to proper names. [IS0 2788, 1986] Dahlberg further 
emphasises the role of descriptors as signs for concepts, underlining their basic 
semiotic relationship with the entities they designate: “a concept is a knowledge 
unit, comprising necessary and verifiable statements about a referent, being 
represented by a designation”. [DAHLBERG, 1978] 
The use of controlled terminology in conjunction with a thesaurus as a 
means of identification has been explored in some depth by the Getty Trust. Since 
1989, through the Getty Information Institute and subsequently the Getty 
Research Institute, the J. Paul Getty Trust has invested considerable energy and 
resources in the development of a series of terminology reference tools, of which 
the Thesaurus of Geographic Names (TGN), Art and Architecture Thesaurus 
(AAT) and the United List of Artist Names (ULAN), are the best known and the 
most highly developed. Although the Getty Trust has now scaled back its 
investment in new developments, these resources are still freely available for 
consultation via the Web or for licensing as data files. 
The TGN comprises records for approximately 1,000,000 places, the AAT 
contains around 125,000 terms and ULAN contains around 220,000 names of 
artists. Each resource is organised as a hierarchical thesaurus containing preferred 
terms, synonyms and variant spellings, scope notes, information about source, and 
domain-specific properties such as geographical coordinates for the TGN, and 
date of birth for artists in ULAN. Each term is also given a unique artificial 
identifier, “10463”, for example, for “brick”. However, terms cannot be retrieved 
by their ID. 
All three vocabularies are intended to be used during data entry, as an aid 
to retrieval and for direct consultation: 
The Getty vocabularies can be used in three ways. They may be used at the data entry 
stage, by catalogers or indexers who are describing works of art, architecture, 
material culture, archival materials, visual surrogates, or bibliographic materials. 
They may also be used as knowledge bases, providing interesting information to 
researchers. They may be used as search assistants to provide access in a local 
environment. [GETTY 2000] 
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The terms that figure in the vocabularies are all based on proper names or 
commonly used nouns. TGN terms, for example, are all based on the proper 
names of physical places.91 Names are not unique but can be disambiguated by 
referring to their additional attributes, which are appended to each record, so that 
London (Greater London, England, United Kingdom, Europe) is differentiated 
from London (N & C Am., Canada, Ontario). It should be noted that this 
additional information does not form part of the term itself, so “London” cannot 
be considered as a unique identifier. Similarly, homonyms of artists contained in 
ULAN can be differentiated by their subsidiary properties, so that Wood, John 
(British architect, younger son of John Wood of Bath (1704-1754), 1728-1781) 
need not be confused with his father Wood, John (English architect, 1704-1754). 
Again, the additional properties do not form part of the term.92 The position of a 
term within the hierarchy may also serve to avoid ambiguity. 
All the Getty vocabularies are designed to deal with synonyms (multiple 
descriptors for the same entity) and with homonyms (identical descriptors used for 
different entities). Sorting out which descriptors refer to which entities is seen as 
essentially a human-driven task and not something which could be fully 
automated. However, allowing searches to refer to descriptive metadata is seen as 
a possible enhancement to increase precision: 
...in the TGN there are more than 480 places with “Washington” as a component of 
the name. Narrowing a search to a particular state in the US would allow users to 
retrieve a more manageable result set. ... In ULAN, it would be helpful to narrow 
queries by the nationality or ranges of life dates for an artist. [HARPRING 1999]  
8.9.2 The “a.k.a” project 
The “a.k.a” project was developed to evaluate the possible automatic 
implementation of the Getty vocabularies to enhance retrieval of records from 
databases accessible via the Web. The basic idea underlying the project was to use 
the vocabularies to broaden search criteria so that alternative and related terms 
could be included. Attempts were made to do this with varying degrees of user 
interaction. Two problems, which emerged very early on, were the difficulty of 
maintaining acceptable response times when the number of search criteria was 
increased and the danger of returning a result-set that was too large. To limit these 
side effects, users were given the opportunity of filtering the list of search terms 
generated by the thesaurus: 
                                                 
91 While terms in the TGN and ULAN clearly refer to physical entities, it may not be immediately 
apparent that terms contained in AAT can also be considered as identifiers. The AAT terminology 
is concerned primarily with concepts, classifications and classes of objects. AAT are identifiers 
(names) for these abstract entities in the same way that TGN and ULAN names identify places and 
people. 
92 A slightly irritating aspect of the Getty resources is the inconsistent way in which terminology is 
used within the scope notes. In the example above, John Wood (the younger) is qualified as being 
the son of “John Wood of Bath” – a search for this term returns no response – while father and son 
are qualified as respectively as “English” and “British”. These glitches are understandable, given 
the complexity and scale of the task, but unfortunate in a central authority file. 
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More accurate results are achieved in “a.k.a” when the user hand-picks which 
vocabulary terms to incorporate in the search. [Harpring 1999] 
A further refinement is user access to the Boolean operators used to 
formulate complex query conditions: 
a user interested in finding a particular type of ancient Egyptian funerary sculpture 
that is in Cairo can now combine synonyms for “Cairo” from the TGN with 
synonyms for “ushabti” from the AAT in this statement: (“Al-Qahirah” OR “El 
Qâhira” OR “Cairo” OR “Le Caire” OR “Kairo”) AND (“ushabti” OR “shabti” OR 
“shawabti” OR “ushabtis” OR “ushabtiu”). [ibid.] 
In cases where information sources are already structured, searching can 
be restricted to specific fields, thereby avoiding some level of semantic ambiguity. 
However, material distributed via the Web is seldom structured in this way – the 
inclusion of Dublin Core metadata in Web pages is seen as a possible solution. 
Yet despite these measures, the results of a.k.a searches tend to be “noisy” 
and retrieve much that is irrelevant:  
The outstanding issue that plagues the new “a.k.a.” implementation is the same one 
that affects most searches on the Web: No matter how skillfully terms are gathered, 
when they are then used to retrieve indiscriminately from texts, results may be 
unexpected. For the query above, one could retrieve a “ushabti” in Boston because 
there is a mummy case from Cairo on the same Web page. Often the results are even 
more disappointing: for example, the word “painter” is part of many terms in all three 
vocabularies – an occupation can be “painter” in the AAT, an artist’s name can be 
“Painter” in the ULAN, and towns in TGN may be named “Painter.” If one searches 
using that term on a general Web browser, more than 500,000 pages are retrieved, 
and many have nothing to do with fine art; they include pages for a realtor named 
“Painter,” discussions of environmental problems on Mount Painter, and 
advertisements for clip art in a product called “Painter”. [ibid.] 
These difficulties are due, at least in part, to the fact that many terms in the 
Getty vocabularies have a large number of homonyms with entirely unrelated 
meanings. These terms could in principle be differentiated with the addition of 
qualifiers such as “drum (column component)” and “drum (membranophone)” but 
sources are highly unlikely to contain these extended, unambiguous terms unless 
they have been included intentionally. Harpring suggests that, in a closed system, 
the unique numeric identifier for terms could be used in catalogue records as a 
complement to the natural identifier. (This technique is not possible in a 
distributed system since the Getty online interfaces do not currently provide 
retrieval by numerical ID.) Used in this way, the Getty vocabularies would 
assume some of the functionality of the DOI register discussed earlier, though 
without the external link mechanism to data objects provided by DOI. 
As noted earlier, the Getty vocabularies were originally intended to 
provide controlled vocabulary for the creation of structured catalogues with a 
view to improved retrieval. Their use as retrieval aids for use with unstructured 
material that has not been subject to controlled indexing is a relatively recent 
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development. Viewed in this light it is perhaps not surprising that initial results of 
the a.k.a project have been disappointing and that the theoretical implications of 
the fundamental paradigm shift that this change represents have not yet been fully 
appreciated.93 We can nevertheless outline, on the basis of Harpring’s remarks, a 
theoretical basis for the use of controlled vocabularies as a means of identification 
and referencing. 
Adopting the suggestion that the unique identifier used for terms in the 
vocabulary might be used as a means of access to thesaurus records allows us to 
envisage a system whereby explicit or implicit references contained in source 
material could be associated with an ID, either during data entry, or 
retrospectively as a result of a semi-automated scan. The creation of this link 
would require human intervention in order to select the relevant node in the 
thesaurus. This selection would be made on the basis of the semantic clarification 
provided by the detailed scope notes available in the Getty vocabularies, as well 
as the hierarchic position of the terms. The full thesaurus entry, including all 
additional, domain-specific information, can be seen as constituting a surrogate 
data object for the entity that is identified. Associating a thesaurus ID with a 
reference effectively allows automatic resolution to the appropriate entry in the 
reference vocabulary. This system would allow references to be created to any 












Fig. 35 - Thesaurus reference-linking mechanism 
8.9.3 Evaluation of thesaurus-based identification 
This approach to identification and referencing is attractive for a number 
of reasons. As noted earlier, artificial identifiers are a subclass of names. 
Controlled vocabularies take commonly-used, informal names for objects, 
concepts and other entities, and attempt to make them more consistent. As such, 
they can be seen as providing “natural” identifiers.94 These identifiers may not be 
unique, but the thesaurus structures such as the Getty vocabularies aim to deal 
with this through scope notes and selection procedures. This reduces the need for 
a register of identifier assignments. Assignments are still made, of course, but 
                                                 
93 Terminology work is traditionally pragmatic: “Bien que quelques chercheurs lui aient cherché 
des fondements théoriques, le thésaurus demeure un objet développé selon des considérations 
pratiques, presque inchangé depuis plusieurs décennies”. [SAADANI 2000] 
94 The term “natural identifier” is used here in conformance with standard practice in information 
science. While natural identifiers can often be assimilated with the notion of “natural signs”, this is 
not always the case. Semiotics reminds us that there is in fact nothing “natural” about proper 
names since these have assigned to their referents in the same way as more obviously artificial 
identifiers. Their familiarity and public nature may lead us to overlook this fact. 
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since they lie in the public domain, they can be determined without reference to a 
central register. Diminishing the need for assignment registration makes it 
possible to separate references from linking mechanisms. Implicit and informal 
references contained in documentation can be linked retroactively to appropriate 
surrogates and do not have to be defined during data entry. 
Another advantage of using structured terminology for identification is 
that informal and implicit references to entities that lie outside the central scope of 
the information system and the institution’s collections can be recognised semi-
automatically by scanning source material for terms that figure in the vocabulary, 
though some human intervention will still be required to clarify ambiguous terms. 
Unlike purely artificial keys, the descriptors used in formal vocabularies 
are intended to seem intuitive and are thus easier to recall. 
The structured thesaurus also offers the advantage of being able to 
designate a wide range of entities. While the Getty vocabularies themselves do not 
have universal application, any entity that can be named may, in principle, be 
designated by suitable terminology. 
The approach does, nonetheless, have some serious limitations. The first of 
these is the practical consideration of the workload that the development and 
maintenance of a reference thesaurus represents. If the thesaurus approach can be 
extended in principle, it is far from clear that the resources exist to extend it in 
practice. The existing Getty vocabularies are limited to artists, named places, and 
art and architecture vocabulary. Additional vocabularies would be needed for 
other domains:  
The names of historical or mythical people, events, and iconography (stories 
represented in art works) are generally necessary for indexing art objects, but are 
outside the scope of the Getty vocabularies. [Harpring 1999] 
Terminology is not always the most appropriate method of designating 
entities. Locations, for example, may not have a useable proper name and may be 
more easily and more accurately designated by systems of coordinates. Although 
anything can be given a name, the thesaurus approach depends upon the name 
being public knowledge. A locally declared name is of limited value. 
Another significant restriction of the thesaurus-based system is that it does 
not allow linking to data objects other than those that are declared by the central 
authority. Since one of the primary aims of creating a network of cultural heritage 
information is to allow access to a diversity of source material, this is a serious 
handicap. Incorporating an external URL as part of the thesaurus record for each 
term would provide a technical solution to this problem, but would raise questions 
of administration, maintenance, and broken links, etc. similar to those which 
PURL and DOI aim to resolve. 
To resume, on the basis of our earlier specification of criteria for 
evaluating referencing systems, the thesaurus-based system for 
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identification and creation of references we have described here is not 
entirely satisfactory since (1) automation: it can only be partially 
automated, and creation of references remains labour intensive (2) 
accuracy: it is relatively prone to noise, due to the ambiguity of many 
terms (3) currency: it does allow references to be maintained and updated, 
since the surrogate data objects are the responsibility of a central authority 
(4) flexibility: it offers a form of resolution-independent referencing and 
deferred linking. 
8.10 Property clustering as a technique for identification 
The two approaches to identification and referencing we have examined, 
based on the assignment of artificial GUIDs and on the use of non-unique natural 
identifiers, have complementary problems. GUIDs can ensure unambiguous 
identification, but are inflexible and difficult to use. Natural identifiers are easier 
to use, but tend to be ambiguous and imprecise. Ideally, we would like to find a 
system that is both precise and intuitive to use. 
The approach to identification we elaborate here is based on the 
association of sets of properties rather than formal identifiers. The basic idea is 
that precise identification can be achieved, in context, through an ad hoc 
disjunction of property values. This approach is analogous to the way in which, 
during a conversation, it may be possible to establish the identity of a third party, 
such as a well-known actor, without the need for names or formal identifiers. In 
such cases, the speaker suffering from temporary amnesia will usually enumerate 
a series of properties or attributes of the object to be identified: “The British actor 
who mumbles a lot, who was in the film about a lot of weddings and who got 
arrested in America...”. The listener considers these attributes insofar as they 
enable the set of potential candidates to be reduced. If at the end of the 
enumeration the number of candidates is still greater than one, the listener may in 
turn enumerate characteristics that would enable differentiation. The process can 
be terminated by confirmation with a more formal identifier, such as the person’s 
name: “Hugh what’s-his-name?”, “Yes, that’s him.”  
It is interesting to note that the identification may be successful even when 
the listener and the speaker do not share the same knowledge about the object 
concerned. For example, if speaker A informs listener B that the party C “plays 
golf every Sunday”, and B is unaware that C plays golf on Sunday, the criterion 
will only falsely eliminate C if B believes, erroneously, that C definitely does not 
play golf on Sundays. If B simply does not know whether or not playing golf on 
Sundays is a characteristic of C, then C cannot be eliminated from the set of 
potential candidates. 
A popular children’s game, “Who is it?”, is based on this principle of 
elimination. Each player has a set of cards with images of individuals, who can be 
described by a series of Boolean predicates such as “is bald”, “wears glasses”, “is 
a woman”, “has a large nose”, etc. Each individual in the set has a unique set of 
characteristics. The players each select an individual from the cards. The opponent 
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then has to guess which card has been chosen by asking a series of yes/no 
questions about the characteristics. The reply to each question eliminates a certain 
number of potential cards until only one remains. The skill of the game consists in 
asking the most pertinent questions, which have high potential for discrimination. 
A dichotomic strategy, which seeks to eliminate half of the remaining cards at 
each stage, is generally most efficient. However, a player may also make a lucky 
guess by selecting an attribute which applies to very few individuals, thereby 
eliminating many candidates at a stroke. 
It is important to note that the set of properties that enables identification 
in any particular game is an ad hoc disjunction. Different sets of attributes may 
serve the same purpose, provided they successfully reduce the set of potential 
candidates to one. This is clearly different from the generation of unique natural 
identifiers from the conjunction of several attributes, where the set of attributes is 
fixed and each attribute is required. 
As noted above, and particularly in situations where only partial 
knowledge is available, the process of elimination may not result in reduction to a 
one-member set. The results can, however, be usefully presented as an ordered 
list, sorted by pertinence. Those objects which posses a high number of 
corresponding attributes are more likely to be the ones we seek to identify than 
those for which the correspondence is small. Furthermore, the larger the number 
of attributes that are specified, the higher the probability of correct identification. 
This form of “probabilistic” identification may not, of course, satisfy the 
criteria for authentication, such as would be required to authorise financial 
transactions. However, authentication is an extreme case of identification since it 
requires certainty that the correct individual has been identified, possibly at the 
expense of making incorrect rejections. Use of a GUID will achieve this level of 
certainty. However, in the area of CHI, this degree of certainty is usually 
unnecessary. While conducting research and following paths of inquiry it is 
usually more important to identify all potential candidates, at the expense of 
making some incorrect inclusions. In other words, a limited degree of noise is 
acceptable. 
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9 Open Museum test-bed project 
Open Museum is a test-bed project intended to evaluate the feasibility of 
creating integrated references on the basis of ad hoc property clustering as 
described in the previous chapter.95 The system is itself a self-contained database, 
but the basic principles involved could be applied to a distributed, collaborative 
environment and we will describe how this might be achieved later on. The 
project uses test data from several sources and of different types, and covers 
material from a wide range of disciplines and periods, fine and applied arts, 
ancient and medieval archaeology, history, history of art and aesthetics.96 This 
heterogeneous material was selected intentionally in order to test the ability of the 
system to cope with divergent terminology, subject matter and scope – the 
opportunities for misinterpretation being numerous. For the purposes of the test-
bed project, partners provided material concerning at least ten different topics of 
interest, one of which was a presentation of their institution. Some participants 
provided considerably more content than this in the form of data files. Data could 
be entered online or uploaded as batch files. The resulting dataset contains several 
hundred records. While this is by no means representative of the scale of a 
production database, it is nevertheless sufficient to demonstrate the principles 
involved. 
The system was conceived with the following objectives in mind: 
1. to provide automated referencing and linking between items of 
information  
2. to provide an integrated interface to pluri-disciplinary cultural heritage 
information 
3. to be able to function in an open, collaborative information 
environment, enabling the task of data entry to be distributed outside 
memory institutions 
4. to allow multi-lingual access 
5. to preserve the complex narrative structure of cultural heritage 
information and avoid deconstruction 
6. to provide a simple, utilitarian interface 
                                                 
95 The conception and development of this project is the work of the author. 
96 The following partners generously contributing data and considerable time to the Open Museum 
test-bed project: 
Département du Patrimoine et Sites du DAEL, Genève 
Heritage Data Management, National Monuments Record, English Heritage, Swindon, 
UK 
Benaki Museum, Athens, Greece 
 
Copyright on all images and text is retained by the respective institutions. 
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The specific objectives of the test-bed project were to evaluate the 
system’s ability to satisfy points 1 and 2: to create pertinent reference links 
automatically, and to provide access to multi-lingual material. 
9.1 Overview of the system 
The Open Museum system is built on a central repository containing 
“articles” on diverse topics related to cultural heritage. Articles consist of a 
subject title, some unstructured text, and an image file. They can be seen either as 
simple structured Web pages, or as free-form database records. They may be 
written at any level of generality and may deal with a particular object, person, 
publication, event, institution or place; or they may focus on collections, groups, 
classification types, or more general subjects such as historical periods. Many 
articles (usually by different authors) address the same or related topics – no 
attempt is made to respect the one-to-one rule. No a priori restrictions were 
placed on the subject matter, style or presentation of an article, other than the 
requirement to avoid inappropriate content and to remain within the field of 
cultural heritage. Articles could be written in any language supported by the 
system. For the purposes of the test-bed project, languages were limited to English 
and French. 
The articles contained in the repository are treated as surrogates for the 
entities they deal with. The entities that these data objects represent are defined by 
a topic heading or title, which can be seen as unstructured, descriptive metadata. 
These metadata are processed using a system of semantic analysis to provide a 
language-neutral index, which forms the basis of the automatic reference and 
linking system. Implicit references contained in the body of an article, such as the 
name of an artist, a place or an event, the title of a book or painting, are 
recognised and represented as a hyperlink to other articles on the subject. The 
automatic generation of linked references eliminates the need for direct human 
intervention in the creation and maintenance of hyperlinks, and results in a more 
genuinely interdisciplinary network of information. 
Some features of the system were not implemented for the purposes of the 
test-bed. These include the possibility for users of the resource to annotate articles 
with questions, remarks or additional information. The author of an article could 
then be automatically informed (for example by email) of annotations and would 
be able to respond with clarification or additional material. A system of 
collaborative evaluation could also be implemented, allowing users to grade the 
articles they have consulted according to their perceived quality and usefulness. 
The language, provenance and grading of articles may be used by users consulting 
the repository to filter articles according to their preference. It is hoped that this 
grading mechanism will provide the basis for a form of community-wide 
assessment and collaborative validation. 
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9.1.1 System elements 
The user interface for consultation, data entry and modification is based on 
a three-tier architecture, similar to that used for Musinfo and now typical of many 
Web applications. Clients communicate via the HTTP protocol with a Web 
application server. Java Server Pages (JSP) are used to generate HTML output 
which is displayed by a standard Web browser. The JSP pages in turn 
communicate with a relational database via the JDBC protocol, and ensure the 
primary functions of database interaction (insert, update, delete and select). With 
the exception of images and other multimedia elements, all data are stored in the 
relational database tables.97 
The database is composed of three tables. The primary table Article 
contains the main text of each article, its associated subject heading, and related 
metadata. A Lexicon contains rules for analysis and normalisation. The Subject 
index contains the results of this analysis for each article contained in the 
database. 
9.1.2 Creation of automatic reference links 
Reference links between articles in the Open Museum repository are 
created using the topic index. This allows the automatic identification of 
references and the dynamic creation of links between articles. The topic index is 
constructed from the subject heading contained in each article. This is analysed 
and rendered into a set of normalised index terms that represent key concepts. 
This normalised form is language-neutral, so articles on the same topic written in 
different languages respond to the same queries, regardless of the language used 
for interrogation. Pre-processing is used to break phrases into component words 
and expressions, capitalise text and remove accented characters. The lexicon is 
then used to accomplish basic grammatical normalisation and to enhance the set 
of index terms using broader terms derived from a simple thesaurus structure; this 
was developed a posteriori on the basis of a critical examination of the descriptive 
terms occurring in the metadata. Normalisation is designed to filter out synonyms, 
grammatical variant forms and less significant terms, and to allow generalisation 
from specific descriptive terms to more general concepts that are significant in the 
domain of cultural heritage. (This filtering does not completely remove non-
significant terms but gives them a lower weighting.) It should be noted that the 
lexicon is domain-specific in that it is intended to recognise and highlight 
concepts and terminology of interest to cultural heritage. It is expected that the 
lexicon will require maintenance and revision as material is added to the system. 
The table below shows a small section of the lexicon relating to the treatment of 
synonyms and variant grammatical forms for the notion of sculpture.  
 
                                                 







Tab. 1- lexicon: normalised terminology 
Normalisation and indexing of subject metadata take place when data are 
entered and are repeated after each modification. Entries in the topic index are 
suppressed if articles are removed from the database; hence the state of the topic 
index is always current. References and links are generated automatically at the 
moment an article is displayed. This eliminates the need for manual maintenance: 
new links are immediately available and deprecated links are removed. To achieve 
this, the body of the article is analysed using the same normalisation processes as 
are applied to each article’s metadata. This enables potential references in the 
article to be identified. The topic index is then searched for corresponding articles 
using probabilistic identification. Any matching references found in the body of 
the article are rendered as hyperlinks. Since references may resolve to multiple 
data objects, these hyperlinks give access to an ordered list of potential 
resolutions, sorted by pertinence. 
This approach has several advantages: 
• the intervention of the author is not required, so implicit references can 
be recognised 
• linking is differed until display, links do not require maintenance and 
cannot be broken 
• integration of heterogeneous sources does not require a high-level of 
co-ordination, nor the use of controlled vocabularies 
• indexing is language-neutral, so multi-lingual access is supported 
9.1.3 Use of metadata fields 
All articles in the system are accompanied by a subject heading which is 
intended to represent the essential properties of the entity for which the article is a 
surrogate. The topic headings provided with the data were used practically 
unaltered. In general they were found to contain information such as the object’s 
name or title, the chronological period, materials and techniques used in 
manufacture, an identification code and the name of the institution responsible for 
the object in question. The precise list of data elements varies according to the 
type of entity being described. The content in the subject topic field is analysed 
and normalised for inclusion in the topic index. In contrast to a standard database, 
queries are made against this central index rather than directly against the subject 
data field itself. 
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9.1.4 Searching 
The topic index can also be used for queries. A simple interface allows a 
query string to be entered as a free text string. This is then transformed into its 
normalised form using the same algorithms as those applied to the article topics; 
the resulting search condition is used to select articles.98 
9.1.5 Content analysis 
The identification of references and the creation of hyperlinks between 
texts is based on nominal groups that result from analysis of the article summary. 
A number of problems have to be overcome in order to identify the relevant 
nominal groups contained in a text: we can classify these problems as 
grammatical, semantic and technical. 
• Links must apply to grammatically coherent sections of the text, such 
as nominal groups or constituent parts of nominal groups 
(grammatical). 
• Links must only exist to relevant and appropriate material (semantic). 
• The generation and maintenance of links must not degrade 
performance significantly (technical). 
In other words, we need to identify which topics the text refers to, and 
whether any relevant material exists concerning these topics. The algorithms 
required to do this need to be sufficiently efficient and rapid to maintain 
acceptable performance. Expressed in terms of logical requirements, the text 
needs to be analysed for references, and links need to be created on those 
references for which material exists. Two approaches were developed, the first of 
which follows this logical path closely. The second, which proved to be a 
significant improvement on the first, inverts the intuitive logical order by first 
seeking relevant material and then identifying the references which are contained 
in the original text. 
9.2 First prototype 
A first prototype was based on phrase-by-phrase analysis of the text. 
Underlying this analysis is the assumption that each phrase can be considered as a 
significant semantic unit. The text is parsed into separate phrases using 
punctuation as delimiters. Each phrase is then analysed in turn and normalised to 
produce a “cluster” of semantically significant descriptors. (The normalisation 
algorithm used for this was a simple one, designed to eliminate punctuation, 
words which are not content-bearing – “and”, “the”, “to”, etc. – as well as to 
normalise variant grammatical forms resulting from plurals, conjugation and case 
                                                 
98 A possible extension in the future would allow metadata to be queried directly, thereby 
providing greater precision. 
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markers.) A search in the topic index produces a list of entries that match one or 
more of the terms in the cluster, ranked according to the number of corresponding 
terms, hence their pertinence. If articles with a sufficiently high-level of 
pertinence are found, determined by a pre-defined threshold, a hyperlink is added 
to the phrase. 
Although this approach was successful in creating a high-level of relevant 
reference links, it nonetheless proved unsatisfactory in a number of respects. 
Firstly, the grammatical structure of separate phrases does not allow a sufficiently 
precise analysis. Phrases usually contain several nominal groups, but these 
separate groups were combined into a single semantic cluster and were not treated 
individually. Semantic clustering may be acceptable in cases where articles can be 
found which deal with the same or similar combinations of nominal groups, but 
nominal groups which are dealt with in separate articles tend to be ignored. A 
phrase such as “Thomas Gainsborough was a contemporary of Sir Joshua 
Reynolds”, for example, would be linked to an entry dealing with both artists, 
whereas articles dealing separately with one artist or the other would probably not 
be linked since they would fall below the necessary pertinence threshold. 
Secondly, while lowering the pertinence threshold allows responses to separate 
nominal groups to appear, the broad granularity of the link becomes both ugly and 
confusing. The whole phrase is represented as a hyperlink even if relevant 
material exists relating to only one of the nominal groups.  
Finally, performance issues meant that this approach was unlikely to prove 
fruitful when scaled up – even if more sophisticated grammatical analysis were 
used to improve the granularity of the references. For each phrase in the text, an 
initial database query is required to normalise the cluster of descriptors. A second, 
relatively costly query (which uses a GROUP BY clause and COUNT aggregation 
function) produces the pertinence ranking of the result set. Processing time, even 
for relatively short texts, ranged from thirty seconds to over a minute, which was 
deemed unacceptable. 
9.3 Second prototype 
A second prototype, based on global analysis of the text, provided a much 
higher level of granularity and improved performance. The algorithm for this 
approach is less intuitive than that used for the first prototype. The basic approach 
is as follows: the text of the article to be displayed is first parsed globally into 
individual descriptors and the entire list is normalised, using the same routines as 
for the previous version. This produces a global list of descriptors contained in the 
text. (From a semantic point of view, this list constitutes a completely 
unstructured conceptual “soup”.) A search of the topic index produces a list of 
descriptors that correspond to one or more indexed articles and which figure in the 
“soup” list – the intersection of the two sets. The text of the article is then parsed 
in detail to identify the position of those descriptors that figure in the intersection 
list. Finally, the individual descriptors are grouped according to their proximity in 
the text to be displayed, using a predefined margin of tolerance for distance 
between descriptors. Non-content terms and terms not figuring in the intersection 
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list are considered as “space” between descriptors. Grouping also takes into 
account punctuation, so as to ensure that contiguous descriptors are treated as 
separate groups. Groups of relevant terms found in the text are transformed into a 
hypertext link incorporating all the terms contained in the group.   
This second approach reduced response times to a matter of seconds; only 
two global database queries are required for the entire text, rather than a query for 
each phrase. Processing time required for detailed text parsing and grouping of 
descriptors proved to be negligible. 
It is interesting to note that this second approach does not follow the path 
suggested by a logical decomposition of the problem, since the identification of 
references is achieved as a final phase rather than at the outset. The approach may 
be described in following logical phases: 
• global parsing to create a conceptual soup that is characteristic of the 
text to be displayed 
• intersection with potential material derived from the subject index 
• identification and grouping of relevant semantic elements 
The approach can be characterised as proceeding by successive levels of 
refinement. Rather than analysing the text into detailed semantic units and 
searching for relevant material corresponding to each unit, a highly approximate 
global analysis allows a “short-list” of potential material to be produced which 
can then be used to locate relevant references within the text. The approach is 
particularly efficient if the text contains repeated references to the same material, 
since references are retrieved only once rather than repeatedly. A performance 
benefit is also obtained if the range of available material is shorter than the list of 
potential references contained in the text. Global searching for pertinent 
references precludes the need for repeated, separate and, in most cases, unfruitful 
database queries. 
9.3.1 Phantom references 
A significant danger of this approach is the increased level of “noise” due 
to the presence of phantom references that correspond to fortuitous sequences of 
descriptors, all of which figure in the conceptual soup but which are nonetheless 
unrelated. Most of these unwanted references are eliminated during the grouping 
phase since the appropriate clusters of descriptors are unlikely to be adjacent in 
the original text. However, “phantom” semantic clusters are still sometimes 
created consisting of a series of descriptors that occur in separate, unrelated 
articles. These descriptors do not occur as a group in the topic heading of any 
particular article. A phrase such as “Baroque music” might be grouped as a single 
reference if separate topics exist, say, to “Baroque painting” and to “modern 
music”. This might not be considered problematic in some cases, but in others the 
results are likely to create confusion, particularly when proper names are 
involved. “William Kent”, for example, might be highlighted incorrectly as a 
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single reference if articles existed dealing with “William Shakespeare” and to 
“Kent County Council” – both of which are clearly irrelevant to the architect in 
question. Many of these phantom clusters are eliminated through a system of term 
weighting described below. The complete elimination of phantom clusters would 
require a check on the provenance of the term groups during the clustering 
process to ensure that all the terms in a potential group are in fact derived from the 
same topic heading. This check would require an additional database query, but it 
would not involve the same level of performance penalty as the approach used for 
the first prototype since the number of semantic clusters that need to be controlled 
is significantly reduced. 
9.3.2 Low significance terms 
Both of the algorithms described above share a common problem of 
creating reference links to articles containing descriptors that have low 
significance because of their high frequency. As noted by the a.k.a project, terms 
like “artist”, “painter”, “canvas”, and “portrait” are likely to occur in a high 
proportion of fine arts records. Allowing links to be created on these terms when 
they occur in isolation produces a plethora of banal and uninteresting links. Such 
terms are not entirely without content, however, and cannot simply be eliminated. 
In conjunction with other descriptors, they often serve to differentiate otherwise 
ambiguous references. John Martin the painter (1789-1854) is not the same 
person as John Martin the cartoonist (http://www.netcraft.com.au/jm/). 
Furthermore, many isolated terms are relevant. The descriptors “Tory”, and 
“Whig”, for example, merit linking even when they occur by themselves.  
9.3.2.1 Manual weighting 
The solution used to overcome this problem in the final prototype version 
was to provide two levels of weighting for index terms. This weighting is used 
during the normalisation phase, so that terms of limited value are “tainted” to 
indicate their second-class status. This tainting is subsequently used during the 
grouping phase to filter out semantic clusters consisting exclusively of a single, 
second-class descriptor. Second-class descriptors are not entirely removed, but 
only contribute to clusters on a collective basis. This technique effectively 
eliminates banal links and requires only negligible processing overhead. It does, 
however, place a significant burden on maintenance of the authority thesaurus.99 
This technique could, in principle, be further developed to allow more 
subtle weighting through the creation of multiple levels of relevance, which would 
allow fine gradation of descriptors from “highly useful” to “virtually useless”. 
While technically feasible, this development would require clear criteria for 
evaluating the pertinence of descriptors and might prove difficult to maintain. 
                                                 
99 Common first names are all declared as low-priority terms, which effectively eliminates the 
false references to “William Kent” that would be generated by the presence of articles dealing with 
“William Shakespeare” and “Kent County Council”. 
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9.3.2.2 Automated weighting 
The use of manual evaluation of descriptors for the purpose of weighting is 
time-consuming and, to some extent, arbitrary. If precise rules are not established, 
the effects of weighting may appear eccentric and difficult to grasp. In order to 
overcome these problems it was decided to explore the possibility of automated 
weighting of descriptors, based on frequency distribution in the overall set of 
terms, the general idea being that infrequently used terms have greater 
significance than common ones. 
Preliminary tests revealed this assumption to be false; many insignificant 
descriptors have low-frequency in the dataset simply because they fall outside the 
general scope of the domain. Conversely, some high-frequency terms nevertheless 
have high value because they reflect the overall focus of interest of the source 
data. These problems were particularly apparent with the restricted dataset 
available for the test-bed project. Terms such as “Athens” and “Greece” had far 
higher frequency than terms such as “from” and “artist”. However, even with 
larger datasets, word frequency alone is unlikely to constitute a reliable indicator 
of semantic importance. 
9.4 Open Museum application interface 
The design of the Open Museum user interface was deliberately utilitarian 
since it was designed to serve as a test-bed for automated link generation. This 
minimised any performance impact resulting from complex formatting and 
display processing. 
The figure below shows part of the search results for a query using the 
string  “The Benaki Museum”. 
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Fig. 36 – Result set for “The Benaki Museum” 
The normalised query string is displayed as a heading to the result set. In 
the example displayed here, the initial definite article “the” has been suppressed. 
The words Benaki Museum have been capitalised and the word Museum has been 
placed in square brackets, indicating that it is given low priority as a search 
condition.  
The result set is presented as a four-column table.  
Omn Each record in the database is assigned a unique “omn” number, 
which is used for identification. This is not a GUID and has only local 
significance.  
Pert This is the pertinence rating of each record expressed as the number 
of matching terms found in the record in proportion to the number of terms in the 
query. This calculation implements a probabilistic approach to identification. The 
record with the highest rating constitutes the “best guess”. All the records in fig. 
36 have a rating of 2/2, signifying that they meet both the search criteria and are 
all equally pertinent. These records are sorted by alphabetical order according to 
topic. Fig 37 shows a result set for “William Hogarth’s election series” with 
records having a range of pertinence ratings. The records are sorted by rating in 
descending order and by ascending topic order. As can be seen, the list is split into 
two sections. Records falling below a preset pertinence threshold are placed in the 
second list. These records are effectively considered by the system as irrelevant. 
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The threshold in the Open Museum test-bed was set at 60%, which was found to 
give intuitively appropriate results. It would be a relatively simple matter to allow 
end-users to modify the pertinence threshold dynamically. 
Topic This is the topic field rendered as a hyperlink to the document. 
Edit This hyperlink allows the record to be opened in edit mode for 
modification. 
 
Fig. 37 – Result set sorted by pertinence 
Figure 38 shows omn record 67 from the Benaki Museum opened for 
editing. The record-editing screen contains five fields.  
Omn is the record’s internal identifier, assigned automatically.  
Language is the ISO code for the language in which the text of the record 
is expressed. This field is not currently used. Its purpose is to allow language-
specific indexing routines to be developed and to give priority to records in the 
user’s preferred language.  
Image is the URL of an image used to illustrate the record – a small 
concession to aesthetic considerations. Topic is a short field used for the subject 
being described. This field is analysed for the primary topic index. The topic field 
is also used for display as a résumé of the article. The content of the topic fields 
was taken directly from the documentation provided by the contributors with very 
little adjustment. It thus reflects the subject headings that authors naturally assign 
to short articles.  In some instances, the text entered into the topic field had to be 
abridged for reasons of length. In others, some additional text was incorporated to 
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ensure that the name of the institution was mentioned. Variations in spelling were 
intentionally left unaltered as the system was intended to normalise automatically 
grammatical variations and to compensate for spelling mistakes. 
Summary is the text of the article itself. The length of this text is limited in 
the test-bed to 2000 characters. This is sufficient to display a full screen of text. 
HTML codes can be incorporated into the text to allow formatting such as line 
breaks, italics and ordered lists. Hypertext links could, of course, be integrated 
into the text, though this would defeat the purpose of the evaluation.  
 
Fig. 38 – Open Museum editing screen 
Figure 39 shows record 67 rendered for consultation. The screen contains a 
query field to allow a fresh query to be formulated. The topic field is displayed as 
a heading for the article (along with a link to the editing screen). The image 
associated with the article is displayed on the left and the text of the summary 
field to the right. As can be seen in the illustration, hypertext links to related 
topics are incorporated automatically into the text of the article. Following these 
links brings up an intermediate screen displaying a list of plausible links.  This is 
in fact the same screen as that shown in fig. 36 – the terms that make up the link 
embedded in the text are effectively used as search criteria for a query. Displaying 
this intermediate screen is useful for disambiguation and to reveal lower ranking 
replies which may nonetheless be of interest. The record for Bratton Castle, in 
Wiltshire, for example, contains a reference to Westbury White Horse, which is 
nearby. Following this reference brings up a result set with the Westbury Horse as 
the top ranking record, as expected. However, the Uffington White Horse is also 
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listed as a second-level record. The application can be configured to make a direct 
jump, without displaying the intermediate result set, in cases where no ambiguity 
exists as to the highest-ranking article. In such cases, the probabilistic search 
strategy can be considered to have identified the most appropriate surrogate for 
the referent and appears to the end-user to function exactly like a standard 
hyperlink. 
 
Fig. 39 – Open Museum display screen 
Figure 40 shows a sequence of six records rendered in display mode and 
revealing automatically generated cross-referencing. The sequence of links 
between each record is indicated beneath each image. The intervening result 
screens have been omitted. The sequence represents the “best choice” option in 
each case. It will be noted that the sequence leads from English Heritage 
archaeological sites records to related material from the Benaki Museum. 
Normalisation allows links to be constructed in spite of variation in the form of 
expression used. For example, the link in screen 3 on “neolithic figurine” leads to 
a Benaki record of a “neolithic marble statuette”.  
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1. Silbury Hill … Late Neolithic 2. Woodhenge… Stonehenge 
3. Stonehenge  … neolithic figurine 4. Marble statuette … Female Figure 
5. Coptic tapestry … 6th century 6. Brass inscribed situla 




The system offers a relatively high degree of automation. References are 
identified and links created without the need for human intervention. Some degree 
of manual intervention is nonetheless required. From the user’s point of view, a 
selection has to be made after following a link when a number of possible 
surrogate objects are proposed. This step can be eliminated in cases where a high 
degree of confidence in the relevance of identified surrogates can be established, 
allowing immediate redirection to the highest-ranking surrogate. A more 
significant element of human intervention is required for the development and 
maintenance of the lexicon used for semantic analysis. For the purposes of 
indexing the limited dataset used in the test-bed project, this did not represent a 
disproportionate workload. Further research is required to evaluate the impact of 
an expanding dataset and the extension of the system to deal with other languages. 
If an a posteriori approach is used, the overall charge can be expected to be 
comparable to the creation and maintenance of a thesaurus, such as the Getty 
vocabularies. An a posteriori strategy has the advantage of limiting the size and 
scope of the lexicon to the domain covered by the dataset. An a priori approach, 
based on existing vocabularies might well prove beneficial in other circumstances. 
This would entail a modification to the attribution of term weightings: unknown 
terms would automatically receive a low weighting rather than the inverse. 
9.5.2 Accuracy  
The accuracy of retrieval and referencing is improved when compared to 
full text indexing. The use of the topic field as metadata effectively differentiates 
what is described from what is merely referred to in the body of the text. The 
problems described in HARPRING 1999, caused by the undifferentiated full text 
indexing of records, do not arise, because the text of the articles itself is not 
indexed. Accuracy might be further improved by allowing direct interrogation of 
individual metadata elements. The use of ordered lists sorted by pertinence also 
serves to give a subjectively lower noise-level. Irrelevant material is undoubtedly 
retrieved, but due to its low ranking, often passes unnoticed by the user. 
The level of “noise” generated by the system was also controlled by 
careful administration of the lexicon. This needs to be maintained as new material 
is added in order to qualify and classify new vocabulary. Though some 
refinements are envisaged, the basic mechanisms seem capable of ensuring an 
acceptable level of noise. 
Automated creation of references has a noticeable impact on the degree to 
which implicit references are linked. Many references, which professional 
indexers tend to overlook, through specialisation and lack of time, are 
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successfully linked to relevant material. The system thus contributes to the 
completeness of cross-referencing. 
9.5.3 Currency 
The total absence of any broken links is a natural consequence of the 
design of the system. Differed linking ensures that the most current state of the 
information base is accurately presented. 
9.5.4 Flexibility 
Automated, differed creation of reference links allows a great deal of 
flexibility. When loaded into the system, unstructured and previously unindexed 
material immediately generates a large number of reference links, both to material 
within the dataset and to records provided by other partners. Many of these links 
are unexpected, providing access to unfamiliar material. 
9.6 Adaptation to a distributed environment 
As it stands, the Open Museum system functions as a self-contained 
database and is not able to integrate external data objects such as Web pages and 
online databases. It is, however, possible to envisage the adaptation of the system 
to a distributed network. This would require three elements: 
1) Incorporation of suitable descriptive metadata within information 
resources, to allow them to be analysed and indexed successfully. 
2) Metadata contained in Web resources could be “harvested” and stored 
in a central index in much the same way that search engines such as “Altavista” 
and “Google” currently process Web pages. The information contained in this 
index would need constant revision in order to ensure its currency. As an 
automated process, it would not require the same investment of time and energy 
as systems such as DOI. 
3) The final stage of identifying references and creating links requires 
resources to be passed through a filtering and rendering service. This could be 
achieved in a manner similar to existing automated translation services, which 
take a URL and the user’s preferred language as parameters and render the results 
into an equivalent HTML page. 
9.7 Conclusion 
In this chapter we have argued that, building on standard communication 
protocols and semantic ontologies, identification constitutes a further essential 
layer of compatibility needed for the integration of information. Being able to 
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send and receive messages and being able to interpret their meaning is not 
enough; we also need to be able to identify which specific objects are being 
referred to. This requires agreement on criteria for identity. Being able to identify 
objects is essential for cross-referencing and hence the creation of an integrated 
network of information. 
We have examined the theoretical basis for identification and the creation 
of cross-references between sources of information, and we have also proposed 
four pragmatic criteria for the evaluation of referencing systems: automation, 
accuracy, currency and flexibility. Using these criteria, we have examined and 
evaluated existing approaches based on the use of URLs and other Globally 
Unique Identifiers (GUIDs) and on non-unique natural identifiers such as names 
and controlled terminology. Neither of these approaches proves entirely 
satisfactory. Both require a considerable degree of human intervention and are 
therefore difficult to automate. This inevitably has a negative impact both on the 
currency of references, since maintenance is required, and on their accuracy, since 
manual indexing is error-prone and limited in scope. All the systems examined 
suffer from lack of flexibility due to the need to resolve references at the moment 
of their creation. These drawbacks constitute a major obstacle to the integration of 
heterogeneous sources of cultural heritage information.  
We have described an alternative approach to identification based on the 
use of “ad hoc attribute clusters”, loose disjunctions of attributes that can be 
combined to provide a probabilistic identification. We recognise that the degree of 
certainty offered by such an approach may be insufficient for authentication, but 
argue that it is nonetheless adequate in the context of research and diffusion of 
cultural heritage information. 
Finally we have described the conception and evolution of the “Open 
Museum” test-bed project: a prototype application that implements a best-match 
identification scheme. The advantages and the limitations of the approach are 
examined in detail. 
On the basis of this test-bed project we conclude that although the 
probabilistic approach to identification and referencing is in need of further 
refinement, it nevertheless offers a promising starting point for further 
development since it meets all four of the pragmatic criteria we propose and also 
has the advantage of offering multi-lingual access. We have outlined a possible 
method for the implementation of a similar system in a distributed environment. 
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10 Conclusions and perspectives 
We have noted the trend towards open and accessible museums, known as 
the new museology, which, in conjunction with the emergence of the Web and 
higher levels of access to information technology, has resulted in increased 
pressure on museums to provide detailed, high-quality information about their 
collections. In order to satisfy this demand, museums and other cultural heritage 
institutions need to work together to integrate their information systems. Through 
integration, ease of access and the quality and depth of information can be 
significantly enhanced. However, achieving significant levels of integration is no 
easy task, raising a series of complex strategic, conceptual and technical issues. 
Many of these issues are common to any field where the integration of 
heterogeneous information systems is required, but some are specific to the field 
of cultural heritage information, notably the semantic complexity of cultural 
heritage information, the absence of well-recognised standards, the enormous 
volume of data involved, and the immense diversity of legacy systems. 
We have attempted to provide a theoretical framework for dealing with 
these issues, based on information science, which helps us to understand the role 
and impact of information systems in general, and on semiotic theory, which 
enables us to describe the ways in which museum objects acquire meaning and 
significance. This enables us to define the goals that museum documentation aims 
to fulfil and hence the criteria needed for evaluating cultural heritage information 
systems. Using these criteria, we have analysed existing approaches to integration, 
highlighting their advantages as well as their shortcomings. 
This examination leads us to the conclusion that existing approaches to 
integration are not susceptible to generalisation since they fail to meet one or 
more of the fundamental criteria for cultural heritage information systems. 
Semantic breadth and depth are often sacrificed, due to a faulty or simplistic 
conceptualisation of the domain. Data are often unusable due to a lack of 
homogeneity and the absence of cross-referencing. Many approaches fail to 
provide a sustainable and extensible basis for dealing with the high volumes of 
data involved. 
The solution we propose is the adoption of a domain-ontology for cultural 
heritage information, the CIDOC Conceptual Reference Model (CRM), in 
conjunction with improved identification strategies for establishing cross-
references. 
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10.1 The Conceptual Reference Model 
The CRM is an important contribution to the field of cultural heritage 
informatics since it provides a common semantic framework that can be used as 
the basis for comparison between heterogeneous systems and the development of 
standards for the exchange and integration of information. Though focused 
primarily on the needs of museums, the CRM nonetheless encompasses the 
information exchanged between museums and other cultural heritage institutions 
such as libraries and archives. The CRM allows the data structures and conceptual 
schema implicit in existing information systems to be mapped onto a common 
structure, thereby providing a firm basis for data integration. As we have seen, the 
CRM schema is both rich and extensible, enabling data from heterogeneous 
sources to be integrated without significant loss of detail and providing 
mechanisms for handling domain-specific information. We have argued that the 
use of a reference schema such as the CRM as a basis for integration of multiple 
data sources is an essential prerequisite since it avoids an exponential increase in 
the number of ad hoc, one-to-one solutions. 
Though it constitutes an important first step, a conceptual schema such as 
the CRM does not, in itself, provide a complete solution for the integration of 
cultural heritage information. To be of use in practical applications the CRM 
schema first needs to be adapted – pruned and extended to meet local 
requirements – and some method needs to be found to address the identity 
question, ensuring that multiple references to the same real-world entities are 
recognised as such. We have made two case studies of projects that attempt to 
deal with these issues. 
10.2 Integration based on a central database 
The first case study, the Musinfo system, designed for the museums of the 
City of Geneva, is based on a single, large database. The CRM was used as a basis 
for the design of the Musinfo data schema and was successfully adapted to meet 
the requirements of a wide range of collection types and disciplines. Multiple 
interfaces are provided for different fields: fine and applied arts, archaeology, 
ethnography and biology. It is used by three major institutions and the database 
now contains well over 300,000 records. The success of the Musinfo project 
demonstrates that data from a wide range of disciplines can be integrated into a 
single system without significant loss of detail, and highlights the benefits of 
integration: facilitating access through the removal of artificial barriers, and 
enhanced depth and quality of information. 
In principle, the identity question is not a major consideration in the 
context of the Musinfo project since, as a closed system, all entity cross-
references can be controlled “by hand”. We have seen however that, in practice, 
the effective control of references and the elimination of redundant instances 
require the investment of considerable resources, and that the existence of 
redundant entities is a major handicap to users of the system. Furthermore, the 
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creation of static cross-references between instances using identifiers fails to 
accommodate the evolving nature of knowledge in the domain. Partial and 
inaccurate data may mean that firm links cannot be established, though a series of 
possible candidates for linking are available. The list of possible candidates may 
change as more data become available. 
10.3 Federated integration 
The second case study concerns the Open Museum system, a collaborative 
database designed for cultural heritage information drawn from a wide range of 
sources. Unlike Musinfo, the Open Museum project is an open system, so the 
identity question becomes acute. The manual identification of real-world entities 
and the creation of static cross-references become impossible, both because of the 
sheer volume of data involved and the absence of any central authority to control 
dispersed sources. There is little value in creating static references to remote 
instances which may later be revised or even deleted, thereby invalidating the 
reference.  
To avoid these problems, the Open Museum project generates cross-
references dynamically using a metadata registry to allow “best match” 
identification. This approach avoids many of the shortcomings of reference 
systems based on static identifiers such as GUIDs or controlled vocabularies.  
Dynamic linking is also important since it avoids the need for a central 
authority responsible for assigning identifiers – an essential precondition for 
integration in a fully distributed environment. In conjunction with the semantic 
coherence offered by the CRM, the use of dynamic linking offers the prospect of 
large-scale integration of cultural heritage information since, unlike, approaches 
based on identifiers and static linking, dynamic linking is scaleable. 
10.4 Perspectives 
The present work is a fundamental contribution to the integration of 
cultural heritage information, a first step toward a global information system for 
cultural heritage. As such, it suggests perspectives for a number of possible 
developments and applications, as well as for future research. 
The realisation of a large-scale platform for the integration of cultural 
heritage information, based on the principles outlined in Chapter 9, would be an 
obvious concrete extension. Extension of the Open Museum test-bed as a full-
scale application would be a step in this direction. 
The recognition and wide acceptance of a standard for the interchange of 
cultural heritage information, based on the ontology provided by the CIDOC 
CRM, would constitute a significant advance in the domain. Apart from the 
intellectual advantages resulting directly from facilitated exchange of information, 
a considerable economic impact may also be anticipated, resulting from a greater 
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degree of competition between software vendors, from reduced staff training 
costs, thanks to greater uniformity, and through greater sharing and reuse of data. 
The approach we have presented is based on theoretical constructs, derived 
from information science and the semiotic theory, which serve to define the nature 
of cultural heritage information. We have used this theoretical framework to 
highlight the specific problems that need to be faced when dealing with cultural 
heritage information systems. We believe that this theoretical framework can be 
extended beyond the scope of the current work and may prove fruitful when 
applied more generally to the subject of museology. In particular it might be used 
to articulate and clarify the roles of different museum professionals, and to 
understand the interactions between researchers in the field and the items in 
museum collections. 
As we have seen, the integration of cultural heritage information allows 
disparate heterogeneous sources of information be brought together and 
compared. The confrontation of these different sources will inevitably highlight 
many divergent points of view, differing interpretations and conflicting data. The 
study and the resolution of these newly juxtaposed elements opens up new 
perspectives for research in the field of cultural heritage. 
Finally, we may evoke one more possible outcome of our research, the 
application of a similar approach to other fields. Many organisations and domains 
of activity are confronted by problems similar to those we have examined in 
relation to cultural heritage. The tools and concepts we have described – 
ontologies, data schemas, metadata registries – are generic in nature and could 
readily be applied to other disciplines. The approach we have described for the 
integration of heterogeneous information sources could be applied to fields that, 
like the field of cultural heritage information, are characterised by complexity, 
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A1 AMICO Members as of September 2000  
 
Albright-Knox Art Gallery, Buffalo, NY  
Art Gallery of Ontario, Toronto, Ontario  
Art Institute of Chicago, Chicago, IL  
Asia Society Galleries, New York, NY  
Center for Creative Photography, University of Arizona, Tucson, AZ  
Sterling and Francine Clark Art Institute, Williamstown, MA  
Cleveland Museum of Art, Cleveland, OH  
Dallas Museum of Art, Dallas, TX  
Davis Museum and Cultural Center, Wellesley College, Wellesley, MA  
Denver Art Museum, Denver, CO  
Detroit Institute of Arts, Detroit, MI  
Fine Arts Museums of San Francisco, San Francisco, CA  
The Frick Collection and Art Reference Library, New York, NY  
George Eastman House, International Museum of Photography,  
Rochester, NY  
J. Paul Getty Museum, Los Angeles, CA  
Library of Congress, Washington, DC  
Los Angeles County Museum of Art, Los Angeles, CA  
The Metropolitan Museum of Art, New York, NY  
The Minneapolis Institute of Arts, Minneapolis, MN  
Montréal Museum of Fine Arts, Montréal, Québec  
Musée d’art contemporain de Montréal, Montréal, Québec  
Museum of Contemporary Art, San Diego, San Diego, CA  
Museum of Fine Arts, Boston, Boston, MA  
National Gallery of Canada, Ottawa, Ontario  
Pennsylvania Academy of the Fine Arts, Philadelphia, PA  
Philadelphia Museum of Art, Philadelphia, PA  
San Francisco Museum of Modern Art, San Francisco, CA  
San Jose Museum of Art, San Jose, CA  
Smithsonian American Art Museum, Washington, DC  
Walker Art Center, Minneapolis, MN  
The Walters Art Museum, Baltimore, MD  
Whitney Museum of American Art, New York, NY 
A2 Sample data in AMICO data dictionary format 
AMICO-FIELDS 
 TAG   Core? Repeat ? 
Unique ID     
 AID  AMICO Identifier  * N AIC_.1910.238  
What is it?     
      
 OTY  Object-Type  * Y Mummy 
 OPP  Object-Parts/Pieces   Y  
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 CLG  Classification   Y  
 CLT Classification-Term   Y Mummy 
Goods}~Ancient 
Art}~European 
Decorative Arts and 
Sculpture and 
Antiquities  
 CLS  Classification-Scheme   Y  
What is it called?     
 OTG  Object-Title/Name   Y  
 OTN  Object-Title-Name  * Y Mummy Case of 
Paankhenamun  
 OTT  Title-Type   Y  
 OST  State   Y  
 OEN  Edition   Y  
What does it look like?     
 OPD  Physical Description   N Cartonnage mummy 
case with mummy 
inside  
 OPO  Physical 
Orientation/Arrangement  
 N  
 MET  Measurements-Text  * Y h.: 67 in (170.2 cm); 
w.: 17 in. (43.2 cm); 
d.: 12-1/2 in. (31.7 
cm)  
 MEG  Measurements   Y  
 MCM Measurement-Component-
Measured  
 N  
 MED  Measurement-Dimension   N height 
 MDV Measurement-Dimension-Value  N 67 
 MDU Measurement-Dimension-Units   N inches 
 MEQ  Measurement-Qualifier   Y  
 MEG     
 MED  Measurement-Dimension   N width 
 MDV Measurement-Dimension-Value  N 17 
 MDU Measurement-Dimension-Units   N inches 
 MEG     
 MED  Measurement-Dimension   N depth 
 MDV Measurement-Dimension-Value  N 12.5 
 MDU Measurement-Dimension-Units   N inches 
 OMG Materials and Techniques   Y  
 OMD Materials and Techniques-
Description  
* N Cartonnage (gum, 
linen and papyrus), 
Gold Leaf and 
Pigment on a metal 
mount  
 OMT  Materials and Techniques-
Process/Technique-Term  
Y Cartonnage  
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 OMS  Materials and Techniques-
Support  
 Y metal mount  
 OIN  Inscriptions and/or Marks   Y The hieroglyphic text 
above Horus reads: A 
royal offering of 
Osiris, presider over 
the West, the great 
god, lord of Abydos, 
Wennofer, ruler of 
Eternity. Utterance 
by horus, the son of 
Osiris, the great god, 
lord of the sky; may 
he give a mortuary 
offering of food and 
viands, oxen and 
geese, incense, 
clothing and every 
good and prue thing 
for Osiris, the 
doorkeeper of the 
estate of Amun, 
Paankhenamun, 
deceased, son of 
Ainka, the 
doorkeeper of the 
estate of Amun, 
deceased, son of 
Ankhefenkhonsu. 
Paankhenamun 
means “the one who 
lives for Amun”. 
Khamaat means “The 




elsewhere on the case 
 OCH  Condition/Examination History   Y Excellent condition. 
Areas with 
decoration have been 
varnished and have 
yellowed due to 
aging. Vertical crack 
center right side (8-
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1/2 in.).  
 OTH  Treatment/Conservation History  Y Footboard reattached 
in 1994.  
Who made it?     
 CRG  Creator   Y  
 CRQ  Creator-Qualifier   N  
 CRN  Creator-Name  *or 
CRC 
N  
 CRC  Creator-Culture/Nationality  * or 
CRN 
N Egyptian, Probably 
from Thebes  
 CDT  Creator-Dates/Locations-Text   N  
 CBD  Creator-Birth-Date   N  
 CBP  Creator-Birth-Place   N  
 CBQ  Creator-Birth-Qualifier   N  
 CDD  Creator-Death-Date   N  
 CDP  Creator-Death-Place   N  
 CDQ  Creator-Death-Qualifier   N  
 CAD  Creator-Active-Date   N  
 CAP  Creator-Active-Place   Y  
 CGN  Creator-Gender   N  
 CRB  Creator-Biography   N  
 CRR  Creator-Role   Y  
 CNO  Creator-Notes   N  
WHEN was it made?     
 OCG  Creation-Dates   Y  
 OCT  Creation-Date-Text  * N Third Intermediate 
Period, Dynasty 22 
(c. 945 – 715 B.C.)  
 OCS  Creation-Date-Start   N 945 B.C..  
 OCE  Creation-Date-End   N 715 B.C.  
 OCQ  Creation-Date-Qualifier   N  
WHERE was it made?     
 OCP  Creation-Place   Y Thebes, Egypt  
What language is it in?     
      
      
WHAT is it ABOUT?     
      
 STG  Style/Period   Y  
 STD  Style/Period-Description   N  
 STT  Style/Period-Terms   Y  
 SUG  Subject Matter   Y  
 SUP  Subject Matter-PreIconographic 
Description  
 N Anthropoid coffin 
made for 
Paankhenamun, a 
doorkeeper of the 
estate of Amun 
in Thebes. The case 
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is decorated with a 
variety of images 
associated with 
rebirth. The central 
scene depicts the 
presentation of the 
deceased by the 
falcon-headed deity 
Horus to Osiris, main 
deity of the afterlife. 
Decoration on the 
mummy case: 
1. Top register (head 
to middle of case). 
(neck area): Maat 
with a phoenix bird. 
"Broad collars": 
layers of floral 
necklaces. 
Beetle with hawk 
head below the sun 
disk; wings of Nut. 
Under beetle: Shen: 
hieroglyph for 
“eternity." 
2. Middle top 





a cone of scented fat 
on his wig, is led 





Horus, Son of Osiris.
Center figure holding 
staff: The god Osiris.
Next to Osiris: Isis, 
the sister of Osiris. 
Proper far right: 
Nephthys, sister of 
Osiris. 
Center: The Four 
Sons of Horus. 
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3. Middle lower 
register. The 
geographic symbol of 
the city of Abydos. 
Proper left: Winged 
deity, Hathor. 
Proper right: Winged 
deity, Maat. 
Rams on a standard. 
Under left ram: A 
(mummy/tekenu ?) 
bundle on a standard.
Under right ram: 
Double plumed 
headdress. 
4. Bottom Register. 
Center: Djed pillar. 
Facing pillar: Falcon 
gods, “The Behdite, 
Lord of Heaven." 
Under wings: Eyes of 
Horus. 
5. Foot register. 
Center: Winged 
scarab. 
Eyes of Horus. 




Demons who live in 
the underworld. 
6. The back of the 
coffin: single large 
djed pillar. On either 
side, below its 
elbows: hieroglyps 
for “The West." 
 SUI  Subject Matter-Iconography   Y  
 SUT  Subject Matter-Index Terms   Y Funerary objects  
 CXG Context   Y  
 CXD  Context-Description   N The coffin belonged 
to a man named 
Paankhenamun, 
whose name 
translates as “He 
Lives for Amun” 
Paankhenamun was 
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the doorkeeper of the 
temple of the god 
Amun, a position he 
inherited from his 
father. X-rays reveal 
that he was 
approximately 5” 6” 
tall, and died in 
middle age. 
Cartonnage cases 





wrapped body was 
inserted into the ase 
through the back.The 
back was then laced 
up, a footboard was 
added, and the case 
was painted. 
Cartonnage cases 
were normally placed 
inside one or more 
nested wooden 
coffins that were also 
decorated.  
 CXP  Context-Related-Person   Y  
 CXS  Context-Related Site/Place   Y  
 CXT  Context-Time Period/Dates   N  
What does it MEAN?     
 OCR  Critical Responses   Y  
Who showed it?     
 OEH  Exhibition or Loan History   Y Permanent Ancient 




Henry Crown Gallery 
in 1960s – 1970s, 
Egyptian Gallery #1, 
circa 1956, Egyptian 
Gallery # 10, circa 
1935, Egyptian 
Gallery #9 and 10, 
circa 1923  
Who Owned it?     
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 OOG  Owner  * Y  
 OON  Owner Name  * N Art Institute of 
Chicago  
 OOP  Owner-Place  * Y Chicago, Illinois, 
USA  
 OOA  Owner-Accession-Number]  * Y 1910.238  
 OOC  Owner-Credit-Line  * Y William Moses 
Willner Fund  
 OPO  Provenance/Prior Owners-Text   Y  
 ORG  Rights/Copyright   Y  
 ORS  Copyright-Statement   N  
 ORL  Copyright-Link  * N  
What is it related to?     
 RWG Related Works of Art   Y  
 RWD Related-Works-Description   N  
 RWR Related-Works-Relationship-
Type  
 N  
 RWL  Related-Works-Identifier/Link   N  
 RIG  Related Images  * Y  
 RIP  Related-Image-Preferred  * Y yes 
 RID  Related-Image-Description  * Y full view  
 RIR  Related-Image-Relationship-
Type  
* N HasFormat  
 RIL  Related-Image-Identifier/Link  * N AIC_.E22827.AMI.T
IF  
 RIG  Related Images  * Y  
 RIP  Related-Image-Preferred  * Y no 
 RID  Related-Image-Description  * Y detail of top of head  
 RIR  Related-Image-Relationship-
Type  
* N HasFormat  
 RIL  Related-Image-Identifier/Link  * N AIC_.E31636.AMI.T
IF  
 RIG  Related Images  * Y  
 RIP  Related-Image-Preferred  * Y no 
 RID  Related-Image-Description  * Y x-ray 
 RIR  Related-Image-Relationship-
Type  
* N HasFormat  
 RIL  Related-Image-Identifier/Link  * N AIC_.E15251.AMI.T
IF  
 RMG Related Multimedia   Y  
 RMD Related-Multimedia-Description  N  
 RMR  Related-Multimedia-
Relationship-Type  
 N  
 RML  Related-Multimedia-
Identifier/Link  
 N  
 RDG  Related Documents   Y  
 RDD  Related-Document-Description   N Cleopatra: A Multi-
Media Guide to the 
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Ancient World, The 
Art Institute of 
Chicago, 1997}~  
 RDR  Related-Document-Relationship-
Type  
 N IsReferencedBy  
 RDL  Related-Document-
Identifier/Link  
 N  
 RDG  Related Documents   Y  
 RDD  Related-Document-Description   N The Art Institute of 
Chicago Museum 
Studies, 1994, 
Volume 20, No. 1, 
pp. 22-25}~  
 RDR  Related-Document-Relationship-
Type  
 N IsReferencedBy  
 RDL  Related-Document-
Identifier/Link  
 N  
 RDG  Related Documents   Y  
 RDD  Related-Document-Description   N A Guide to the 
Collection, Art 
Institute of Chicago, 
1994}~  
 RDR  Related-Document-Relationship-
Type  
 N IsReferencedBy  
 RDL  Related-Document-
Identifier/Link  
 N  
 RDG  Related Documents   Y  
 RDD  Related-Document-Description   N Minerva, May/June 
1994, Vol. 5, No. 3}~ 
 RDR  Related-Document-Relationship-
Type  
 N IsReferencedBy  
 RDL  Related-Document-
Identifier/Link  
 N  
 RDG  Related Documents   Y  
 RDD  Related-Document-Description   N The Essential Guide: 
Art Institute of 
Chicago, 1993}~  
 RDR  Related-Document-Relationship-
Type  
 N IsReferencedBy  
 RDL  Related-Document-
Identifier/Link  
 N  
 RDG  Related Documents   Y  
 RDD  Related-Document-Description   N Allen, A Handbook 
of the Egyptian 
Collection, 1924, pp. 
7, 12, 13 (ill.), 14-16, 
19n, 69, and 124  
 RDR  Related-Document-Relationship-  N IsReferencedBy  
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Type  
 RDL  Related-Document-
Identifier/Link  
 N  
Who Documented it?     
 DCH  Documentation/Cataloguing-
History  
 Y  
 DCB  Documented/Cataloged By   Y  
 DCD  Documented/Cataloged-Date   Y  
Interpretations     
 OLC  Label Copy  * Y  
Version Control     
 AVD  AMICO-Validated-Date  * N  
 AVV  Validation-Dictionary-Version  * N  
      
A3 Participants in the Aquarelle project 
Cultural institutions: 
• Ministère de la Culture (France)  
• Bibliothèque nationale de France (France)  
• Ministry of Culture (Grèce)  
• Ministero per i Beni Culturi e Ambientali, Instituto Centrale per il 
Catalogo et la Documentazione (Italie)  
• Royal Commission on the Historical Monuments of England (UK)  
• Museum Documentation Association (UK)  
• Benaki Museum (Grèce)  
• Publishers:  
• Fratelli Alinari (Italie)  
• Giunti Multimedia (Italie)  
• Industrial companies in the information technology sector:  
• Bull (France)  
• EUROCLID (France)  
• Grif (France)  
• ERGOMATIC Consultants (France)  
• FINSIEL (Italie)  
• INTRASOFT (Grèce)  
• System Simulation Ltd (UK) 
 
Research organisations:  
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• INRIA (France)  
• CNR-CNUCE (Italie)  
• CNR-ITIM (Italie)  
• ICS-FORTH (Grèce)  
• ILSP (Grèce)  
• IMAG (France)  
• LIRMM (France)  
• Rutherford Appleton Laboratory (UK) 
A4 Aquarelle access points 
Label  Supported by Semantics 





Detailed information about a 
precise location (e.g., name of a 
street, name of a farm) related to 
the work. 
author (1003) ICCD Author responsible for a 
bibliographic item. 




Language of this work or 
inscription. 
condition (2044) Merimée 
ICCD 
Condition of the object, including 
repairs. The state and integrity of 
the work. 




Political, social, economic or 
religious events or circumstances 
associated with the work over 
time. 




Part(s) played by the creator(s) in 
making the work. 





A public statement about the 
ownership, transfer of ownership, 
acquisition, source, or 
sponsorship of the acquisition of 
a work. 
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inscriptionMark (2007) Joconde 
ICCD 
Distinguishing or identifying 
physical markings, lettering, 
annotations, texts, or labels that 
are a part of a work or are 
affixed, applied, stamped, 
written, inscribed, or attached to 
the work, excluding any mark or 
text inherent in the materials. 








The substance(s) of which the 
object is made. 




A textual expression of the period 
when an event in an work’s 
history is thought to have 
occurred (e.g., Bronze Age, last 
quarter of 17th century). 




Information pertaining to 
physical characteristics of the 
object. General visual appearance 
of the work, including indication 
of shape, form, design and 
colour. 






The means, method, process, or 
technique by which an object was 
created. 




The date at which the protection 
status was granted. 
ProtectionStatus (3000) MC-GR 
Merimée 
RCHME 
Indicates whether a work or 
building is protected, and, if so, 






A string indicating the spatial 
referencing system in which 
search terms for x-coordinate and 
y-coordinate are expressed. 
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The style, historical period, 
group, school, or movement 
whose characteristics are 
represented in the work. 





Iconography, motif or 
symbolism. The proper named 
mythological, fictional, religious, 
or historical narrative subject 
matter of a work. Also the 
meaning or theme represented by 
the subject matter or 
iconography. 
Title (4) Alinari 
Giunti 
Title of a work (book, journal, 
series) include subtitles. 





A search using this attribute 
supports a general inquiry about 
people, groups of people and 
institutions. These may have 
created, owned, stored, been 
depicted in or had any number of 
other relationships with the 
work(s) in question. It can also be 
data that infers a person, culture 
or institution, for instance 
stylePeriod. The data can refer to 
imaginary beings. 





A search using this attribute 
supports a general inquiry about 
the work itself. Data that discuss 
or describe the object, such as its 
content, place in history or 
physical nature, is appropriate 
material for this query.  




A search using this attribute 
supports a general inquiry about 
time. Any data that place the 
work in a time period (such as 
year, era, season, hour or 
geologic period) is appropriate 







A search using this attribute 
supports a general inquiry about 
location. This can include place 
names associated with the work, 
part of its provenance, or places 
depicted in it. Locations can be 
either named or generic, real or 
imaginary. They can be very 
specific, as location information 






A pair of numbers indicating a 
point in the nominated spatial 
referencing system; or a pair of 






A pair of numbers indicating a 
point in the nominated spatial 
referencing system; or a pair of 
ranges indicating an area. 
A5 Sample record from Aquarelle 
relatedObjects  
cimiObjectName  




creatorName CEZANNE PAUL 
relatedTextualReferences VENTURI 1936, NO 62; GACHE-PATIN, REVUE 
DU LOUVRE 1984 NO 2, P 130; LACAMBRE-
THIEBAUT 1983, NO 22 
relatedObjects  
cimiObjectName Tableau 





relatedObjects Monticelli et le baroque provençal, orangerie des 
Tuileries, Paris, 1953, no 4 
placeOfOrigin   
inscriptionMark  
place Paris; Musée d’Orsay 
creatorDateOfBirth  
relatedObjects   
periodName   
periodName 3e quart 19e siècle 
copyrightRestriction Réunion des musées nationaux, 10 rue de l’abbaye, 
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75006 Paris: 81 DN 4302 
inscriptionMark  
subject  
subject nature morte (poire, tasse, pot: sucre, couteau: art de 
la peinture)  
Owner Propriété de l’Etat; Dation; Musées nationaux; 
Musée du Louvre Peintures 
stylePeriod  
processTechnique  peinture à l’huile; toile 
cimiObjectTitle  NATURE MORTE: SUCRIER, POIRES ET 
TASSE BLEUE 
relatedObjects  
Subject Cézanne a reproduit cette nature morte accrochée au 
mur derrière le modèle dans le “portrait de son père 
lisant l’événement” (vers 1866, Washington, 
National Gallery of art) 
A6 Members of the CRM-SIG as of October 2001 
Organisation Contact person 
Association Française de Normalisation 
(AFNOR) 
http://www.afnor.fr/  
Patrick Le Boeuf (also member 
of the ISO/TC46/SC4/WG9) 
patrick.le-boeuf@bnf.fr  















Kati Geber (also member of the 
ISO/TC46/SC4/WG9) 
kati_geber@pch.gc.ca  

















Fachgruppe Dokumentation DMB 









Konrad-Zuse-Zentrum für Informationstechnik 
















The Museum Project – The National Database 




National Gallery of Australia 
http://www.nga.gov.au/index.html  
Adrian Finney (also member of 
the ISO/TC46/SC4/WG9) 
adrian.finney@nga.gov.au  

































ISO TC46 Working Group SC4/WG9 
  
Josef Tykac, National Expert of 
the Czech Republic 
tykacovae@mpsv.cz  
ISO TC46 Working Group SC4/WG9  Victor Beloozerov, National 
Expert of the Russian 
Federation 
nomoip@viniti.ru  
 
